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.  5(^  PREFACE. 

Iron  :  Its  Sources,  Properties,  and  Manufacture  contains, 
in  a  form  convenient  for  everyday  use,  a  comprehensive  trea- 
tise on  the  subject.  The  contents  of  this  manual  are  based  on 
the  highly  esteemed  book  written  by  the  late  William  Henry 
Greenwood. 

Without  omitting  any  essential  part  of  the  original  work  the 
matter  has  been  revised,  partly  rewritten,  and  brought  up  to 
date  by  Mr.  A.  Humboldt  Sexton,  F.I.C.,  F.C.S.,  Professor  of 
Metallurgy  in  the  Glasgow  Technical  College.  Needless  to  say, 
many  changes  have  taken  place  since  the  previous  edition  was 
published,  and  whilst  descriptions  of  new  processes  and  appliances 
have  been  given,  those  of  the  older  methods  which  are  still 
in  vogue  in  many  works  have  been  retained  and  revised. 
In  this  manner  the  manual  has  been  made  valuable,  not  only 
to  the  student  but  to  all  employed  in  iron  works. 

Readers  who  may  desire  additional  information  respecting 
special  details  of  the  matters  dealt  with  in  this  book,  or  in- 
structions on  any  kindred  subjects,  should  address  a  question 
to  the  Editor  of  Work,  La  Belle  Sauvage,  EC,  so  that  it  may 
be  answered  iu  the  columns  of  that  journal. 


P.  N.  HASLUCK. 


La  Belle  Sauvage^  London, 
July,  ld07. 
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CHAPTER   I. 

INTRODUCTION  ;    TERMS  EXPLAINED. 

Iron  in  a  chemically  pure  state  exists  only  as  a  curiosity,  and 
has  no  practical  application  in  the  arts.  It  has  no  value 
as  a  constructive  material,  and  cannot  be  prepared  upon  a 
large  scale.  Iron  in  combination  with  small  proportions  of 
carbon  and  other  elementary  bodies,  as  sulphur,  silicon, 
phosphorus,  etc.,  yields  the  various  commercial  forms  of 
iron  which  are  known  as  steel,  malleable-  or  wrought-iron, 
and  cast-  or  pig-iron,  and  these  metals  are  by  far  the  most 
important  known. 

The  forms  in  which  iron  comes  into  the  market  are  so 
many  and  so  varied  that  it  is  very  difficult  to  draw  up  satis- 
factory definitions.  In  general,  the  metal  is  called  either  iron 
or  steel,  the  classification  depending  partly  on  chemical 
composition  and  partly  on  method  of  manufacture. 

In  this  manual  it  is  intended  to  deal  with  the  varieties 
commercially  known  as  iron,  leaving  the  consideration  of  steel 
to  a  companion  manual.  The  forms  known  as  iron  have  been 
much  longer  in  use  than  those  known  as  steel,  and  are  much 
more  easy  to  define  accurately — ^accurately,  that  is,  from  a 
technical  rather  than  from  a  purely  scientific  standpoint. 

There  are  two  familiar  forms  of  iron,  very  different  in 
their  character. 

(1)  Malleable-  or  Wrought-Iron.— This  is  undoubtedly 
the  form  in  which  iron  was  first  used  in  the  arts.  It  is  still 
largely  used,  but  is  being  gradually  displaced  for  most  pur- 
poses by  mild  steel,  which,  in  many  of  its  forms,  it  very 
closely  resembles.    It  is  comparatively  pure,  containing  about 
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99*5  per  cent,  or  thereabouts  of  pure  iron,  a  small  quantity 
of  carbon  up  to  "2  per  cent,  or  thereabouts,  a  small  quantity  of 
silicon — say  "1  per  cent.,  and  small  quantities  of  other  im- 
purities. It  is  very  malleable  and  ductile — that  is,  it  can  be 
rolled  into  sheet,  or  drawn  into  wire,  either  hot  or  cold — and 
when  heated  to  bright  redness  it  becomes  so  soft  that  it  can  be 
hammered  or  wrought  into  any  required  form,  whence  its 
common  name.  It  is  usually  regarded  as  being  the  purest  form 
of  iron  in  commerce,  but  mild  steels  are  now  made  of  a  higher 
degree  of  purity.  It  cannot  be  melted  in  an  ordinary  fire 
fed  with  solid  fuel,  and  articles  of  it  are  always  prepared  by 
hammering,  rolling,  stamping,  spinning,  or  similar  processes, 
portions  being  united  either  by  welding  at  a  red  heat  or  by 
a  mechanical  connection  such  as  riveting. 

(2)  Cast-iron  or  Pig-iron. — This  is  the  most  impure  form 
of  iron,  containing  large  quantities  of  various  foreign  con- 
stituents, some  of  which,  however,  can  hardly  be  called  impuri- 
ties, since  the  metal  would  not  be  cast-iron  if  they  were  absent. 
The  amount  of  iron  present  varies  considerably,  but  usually  is 
about  92  to  93  per  cent.  Carbon  is  always  present,  usually 
about  3*5  per  cent.,  though  it  may  reach  4*5,  and  silicon  may 
range  from  about  '5  per  cent,  (in  rare  cases)  up  to  3*5  per  cent, 
or  even  higher.  Cast-iron  may,  indeed,  be  defined  as  being 
iron  containing  over  2  per  cent,  of  carbon  and  some  silicon, 
these  being  the  essential  constituents;  whilst  the  other  elements 
— sulphur,  phosphorus,  manganese,  etc. — though  almost  al- 
ways present  may  be  regarded  as  being  accidental  constitu- 
ents or  impurities,  because  the  absence  of  them  would  not 
prevent  the  metal  being  cast-iron.  Cast-iron  is  prepared 
in  a  liquid  condition,  and  as  it  flows  from  the  furnace  is 
usually  cast  into  pigs,  and  is  therefore  called  pig-iron.  It 
is  converted  into  the  forms  which  may  be  required  by  melt- 
ing and  casting  in  moulds,  of  sand  or  other  material,  and 
therefore  it  is  often  called  cast-iron. 

Either  one  of  these  two  forms  of  iron  may  be  prepared 
directly  from  the  ore  or  one  from  the  other.  In  the  very  early 
days  malleable  iron  was  prepared  directly,  and  cast-iron  was 
unknown,  but  now  cast-iron  is  always  prepared  directly  from 
the  ore,  and  maUeable-iron  is  prepared  from  cast.  In  this 
manual,  therefore,  the  preparation  of  cast-  or  pig-iron  will 
be  first  described  and  explained. 
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Scope  of  this  Manual. — Such  metald  as  iron  and  steel 
may  be  studied  from  so  many  standpoints  that  it  may  be  as 
well  to  indicate  briefly  the  scope  of  this  manual.  It  is  in- 
tended to  deal  with  the  metals  from  the  metallurgical  stand- 
point only.  That  is,  to  describe  the  sources  pf  the  metals  in 
nature  and  the  methods  by  which  the  metal  is  obtained  from 
these  Sources  and  prepared  for  subsequent  use.  Chemical 
subjects  will  have  to  be  considered,  but  they  will  be  dealt 
with  only  so  far  as  they  bear  on  the  metallurgy  of  the 
metals.  The  properties  of  the  metals  will,  of  course,  be 
discussed ;  but  these  will  be  considered  mainly  from  the 
standpoint  of  the  influence  of  impurities,  of  methods  of  manu- 
facture and  of  treatment  of  the  metal,  not  so  much  from 
the  engineer's  standpoint,  as  the  use  for  which  the  metal 
is  intended. 

Technical  Terms. — It  is  impossible  to  write  a  technical 
book  without  the  use  of  technical  terms,  and  brief  explana- 
tions of  a  few  of  the  terms  that  will  be  used  are  given  below. 
These  are  only  intended  as  a  guide  to  the  student  who  is  quite 
new  to  the  subject,  and  most  of  them  will  be  discussed  more 
fully  in  the  text  as  occasion  arises. 

Annealing,  in  the  case  of  iron  and  steel,  is  the  term  applied 
to  the  operation  by  which  the  metal  is  heated  to  bright  red- 
ness, and  then  allowed  to  cool  down  slowly,  either  in  the 
open  air,  or,  more  usually,  under  a  layer  of  ashes  or  other 
bad  conductor  of  heat.  Annealing  often  corrects  or  prevents 
the  irregularities  in  strength  arising  from  unequal  or  irregular 
cooling  in  castings  and  forgings,  and  removes  the  hardening 
effect  of  work.  The  term  annealing  is  also  used  for  the  long 
heating  which  is  given  to  castings  in  the  preparation  of 
malleable  cast-iron,  and  also  to  the  operation  of  slowly  heating 
crucibles  to  redness  before  introducing  them  into  the  steel 
melting  furnace. 

Calcination  is  the  process  in  which  iron-ores  are  heated 
in  heaps,  or  kilns,  at  a  comparatively  low  temperature,  for 
the  expulsion  of  water,  carbon  dioxide  (COg),  sulphur,  and 
other  volatile  matters,  with  the  oxidation  of  the  ferrous 
oxide  and  carbonate  to  the  condition  of  ferric  oxide.  The 
necessary  heat  is  produced  either  by  the  combustion  •  of  the 
bituminous  matters  in  the  ore  itself,  as  in  certain  Scotch 
blackband  ironstones,  by  the  combustion  of  sulphur  in  highly 
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sulphurous  ores  of  copper  and  other  metals,  or  by  the  addition 
of  fuel  which  is  mixed  with  the  ore  to  be  calcined  in  the  heaps 
or  kilns. 

Cementation  is  a  process  in  which  a  metal  is  made  to 
take  up  a  solid  element,  by  being  heated  with  it.  In  the 
metallurgy  of  iron  the  principal  example  is  the  carburising  of 
malleable-iron,  and  the  production  of  steel,  by  the  prolonged 
exposure  of  the  iron  at  a  temperature  below  fusion,  to  the 
action  of  solid  carbon.  A  similar  action  may  go  on  in  the 
blast  furnace  where  the  freshly  reduced  iron  is  in  contact 
with  the  carbon  of  the  fuel. 

Gold -short  expresses  a  condition  of  iron  or  other  metal 
in  which  when  it  is  worked  by  hammering  or  rolling  at  or  below 
a  dull  red-heat  the  edges  crack  or  fracture  according  to  the 
degree  of  the  cold-shortness  ;  perhaps  such  metal  may  be 
worked  with  the  utmost  facility  at  a  higher  temperature. 
Small  quantities  of  phosphorus,  silicon,  arsenic,  and  antimony 
induce  cold-shortness  in  iron  or  steel,  phosphorus  being  the 
most  common  cause  of  this  defect. 

Red-short  is  a  term  applied  to  metals  which  cannot 
be  readily  worked  at  a  temperature  at  or  above  redness, 
although  frequently  such  metal  can  be  worked  by  hammering 
or  rolling  at  ordinary  temperature  without  fracture.  Red- 
shortness  is  often  the  result  of  the  presence  of  an  undue 
proportion  of  sulphur  in  the  metal,  but  copper,  antimony, 
silver,  calcium,  etc.,  also  produce  the  same  effect. 

Malleability  is  the  quality  of  permanently. extending  in 
all  directions,  without  rupture,  by  pressure,  as  by  hammer- 
ing or  rolling,  and  is  an  essential  quality  of  metal  that  is  to 
be  rolled  into  sheets.  Russian  sheet-iron  has  been  reduced 
to  a  thickness  not  exceeding  770  to  the  inch. 

Ductility  is  the  property  of  being  permanently  extended 
by  a  tensile  force,  or  drawn  into  wire.  It  depends  partly  on 
the  malleability  and  partly  on  the  tenacity  of  the  metal. 
All  malleable  metals  arc  more  or  less  ductile.  It  is  greatly 
influenced  by  the  presence  of  impurities  in  the  metals,  and 
also  varies  with  the  temperature. 

Elasticity. — When  a  substance  is  subjected  to  stress,  it 
undergoes  a  change  in  form  and  perhaps  in  size  also.  For 
example,  a  bar  subjected  to  a  pulling  stress  will  become 
longer.     It   is   obvious   that  the   force  with  which  the  bar 
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resists  extension  is  the  same  as  the  force  which  is  applied 
to  produce  the  extension,  and  this  is  the  measure  of  the 
elasticity  of  the  body.  The  greater  the  force  with  which 
the  body  tends  to  return  to  its  original  form — that  is,  the 
greater  the  force  needed  to  produce  the  extension — the 
greater. is  the  elasticity  of  the  substance. 

If  a  bar  of  iron  of  1  sq.  in.  in  section  be  taken  and  a  force  of 
1  ton  be  applied  he  bar  will  be  stretched  by  a  d3finite  frac- 
tion of  its  own  length.  If  the  force  be  doubled  the  extension 
will  be  doubled,  and  so  on,  the  extension  being  proportional 
to  the  extending  force,  or,  as  it  is  usually  put,  the  strain  is 
proportional  to  the  stress.  The  modulus  of  elasticity,  or 
Young's  modulus,  is  the  force  that  would  be  required  to 
double  the  length  of  the  bar  provided  the  law  of  proportion- 
ality of  stress  and  strain  held  good  and  the  bar  did  not  break. 
This  condition  can  never  be  attained,  but  the  modulus  can 
be  calculated  from  the  ratio  of  strain  to  stress  at  lower  pres- 
sures. The  modulus  of  elasticity  is  the  recognised  measure 
of  the  elasticity  of  a  substance. 

If  to  the  bar,  of  say  1  sq.  in.  in  section,  a  stress  of  1  ton  be 
applied,  the  bar  will  elongate  ;  if  2  tons,  it  will  elongate  by 
double  the  amount,  and  so  on  as  already  explained.  Also, 
if  the  stress  of  1  ton  be  removed,  the  bar  will  return  to  its 
original  length,  so  also  if  the  2  tons  be  removed,  and  so  on  ;  but 
as  the  stretching  force  is  increased  a  point  is  reached  when 
the  stretching  ceases  to  be  proportional  to  the  force  applied, 
and  when,  if  the  stretching  force  is  removed,  the  bar  does  not 
return  exactly  to  its  original  length,  but  has  taken  a  per- 
manent set.  This  is  the  limit  of  elasticity.  The  two  factors, 
the  Modulus  of  Elasticity  and  the  Limit  of  Elasticity,  are 
of  the  utmost  importance  in  determining  the  utility  of  metals 
for  structural  purposes. 

In  the  preceding  paragraphs  the  elasticity  has  been  con- 
sidered only  in  the  case  of  a  stress  in  tension  tending  to 
lengthen  the  bar,  but  exactly  the  same  laws  hold  good  in  the 
case  of  stresses  producing  compression  or  any  other  form  of 
distortion. 

Tenacity  is  the  property  of  resisting  fracture  from  the 
application  of  a  tensile  or  stretching  force,  and  is  usually 
stated  in  England  in  terms  of  the  number  of  tons  or  hundred- 
weights required  to  break  a  bar  of  1  sq.  in.  sectional  area. 
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Figs.  1  to  6  show  the  common  forms  of  test  pieces.  Figs. 
7  to  11  show  the  forms  of  standard  tensile  test  pieces  as 
proscribed  by  the  Engineering  Standards  Committee. 

In  France,  Germany,  and  generally  over  the  Continent, 
the  force  or  weight  is  expressed  in  kilogrammes  (2*2046  lb.) 
with  the  square  centimetre  as  the  unit  of  area  (the  square 
centimetre  =  0*15500591  sq.  in.).    Ton3  per  sq.  in.  x  -00635  = 
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Fig.  1.— Cylindrical  Test  Piece 
with.  Screwed  Ends. 


Fig.  2.— Fractured  Test  Piece 
with  Screwed  Ends. 


Fig.  3.— Cylindrical  Test  Piece  with  Button  Ends. 


Fig.  4. — Fractured  Test  Piece  wath  Button  Ends. 
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Fig.  5. — Bar  Test  Piece. 
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Fig.  6.— Fractured  Bar  Test  Piece. 


kilogrammes  per  square  centimetre  (kg.  per  cm.).  The  tensile 
strength  of  a  metal  depends  on  its  composition  and  also  on 
the  treatment  to  which  it  has  been  subjected.  It  is  easily 
msasured,  and  therefore  is  taken  as  one  of  the  standards  in 
the  specification  of  metals* 

Extension. — ^When  a  bar  is  subjected  to  tensile  stress  it 
extends  very  considerably  before  fracture,  so  that  the  piece 
when  the  broken  edges  are  put  together,  is  longer  than  the 
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original  piece.  The  increase  in  length  is  the  extension  or 
elongation.  As  it  does  not  take  place  equally  over  the  whole 
length  of  the  test  piece,  the  length  of  the  test  piece  used  must 
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Fig.  7. — Test  Piece  for  Plates   (Standard   Form)  :   A,  gauge,  length 
8  in. ;  B,  parallel  for  not  less  than  9  in. ;  C,  total  length  above  18  in. 


T 

z 


o 

JL 


H 


•«. —  _ 


Fig.  8. — Test  Piece  for  Bars,  etc.  (Standard  Form)  :  A,  parallel  for 
not  less  than  8  times  the  diameter ;  B,  enlarged  ends  parallel  for 
not  less  than  9  times  the  diameter. 
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Fig.  9. — Test  Piece  for  Forgings,  Castings,  etc.  (Standard  Form)  :  A, 
gauge,  length  SJ  in. ;  B,  parallel  for  not  less  than  4  in. 
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Figs.  10  and  11. — Test  Pieces  for  Tyres,  Axles,  Forgings,  Castings,  etc. 

always  be  stated.    It  is  usually  8  in.  or  10  in.  for  testing  iron 
or  steel. 

Fatigue  is  the  diminished  resistance  to  fracture  which 
comes  after  repeated  applications  of  stress,  especially  after 
stresses  varying  within 'a  wide  range. 
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Fining  is  an  old  term,  still  used  in  some  districts,  and 
usually  describes  a  process  oi  purification  by  oxidation. 

Softness  is  a  relative  term  sometimes  used  to  express  the 
quality  of  a  metal  whereby  it  easily  permanently  yields  to 
pressure  without  fracture. 

Toughness,  in  metals,  is  a  relative  expression  of  the  power 
of  i^esisting  fracture  by  bending  or  torsion.  It  is  measured 
by  the  number  of  times  to  which  a  definite  section  of  the 
metal  can  be  bent  through  a  certain  angle  on  either  side 
from  the  perpendicular  without  any  fracture. 

Flow  of  Metals. — When  metals  are  subjected  to  great 
stress  they  pass  into  a  condition  in  which  the  molecules  can 
flow  freely  one  over  the  other,  and  therefore  in  which  the 
metal  behaves  for  the  moment  almost  as  if  it  were  a  liquid. 
All  metal  rolling,  stamping,  and  similar  processes  depend  on 
this  property.  Some  metals,  as  lead  and  some  alloys,  flow  so 
readily  that  they  can  be  made  into  tubes  or  other  forms  by,- 
extrusion  through  dies.  Malleability  and  ductility  are  due 
to  this  flow  of  the  metal. 

Welding  is  the  quality  whereby  two  clean  surfaces,  brought 
together  at  a  suitable  temperature,  under  pressure  will  unite 
to  form  one  coherent  mass.  The  surfaces  must  be  perfectly 
clean,  and  the  metals  must  be  at  a  temperature  high  enough 
to  produce  a  plastic  state  in  which  there  is  considerable  mole- 
cular freedom.  This  property  of  welding  is  typically  shown  by 
wrought-iron  at  a  white  heat,  and  by  the  milder  qualities 
of  steel  at  a  red  or  white  heat.  It  is  essential  that  the 
surfaces  be  free  from  oxide,  and  to  obtain  this  with  iron  a 
quantity  of  sand  (silica)  is  thrown  on  the  surfaces  ;  this 
forms  with  the  oxide  of  iron  a  readily  fusible  and  fluid  slag 
on  the  welding  surface,  and  the  subsequent  pressure  forces 
this  out,  leaving  the  metallic  surfaces  in  contact,  clean  and 
free  from  oxide.  For  steel  the  smith  often  prefers  a  mixture 
of  10  parts  of  borax  (NagB^O^)  and  1  of  sal-ammoniac 
(NH4CI)  to  1  of  sand.  In  order  that  two  metals  should 
weld  well  it  is  essential  that  the  point  of  maximum  mole- 
cular freedom  in  each  should  be  at  about  the  same  tem- 
perature. 

Ore  is  the  metalliferous  material  extracted  from  the 
mine,  and  to  be  considered  as  an  ore  it  must  contain  enough, 
of  the  metal  to  pay  for  extraction.      The  ores  of  iron  are 
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oxides  or  carbonates  of  the  metal,  accompanied  by  certain 
extraneous  matters,  gangue,  or  vein  stuff,  essentially  siliceous, 
calcareous,  argillaceous,  or  bituminous  in  character.  In 
Wales  and  some  other  districts  the  term  "  mine  "  is  used  as 
synonymous  with  ore. 

Smelting  is  the  separation  or  extraction  of  a  metal  from 
its  ores  on  a  large  scale.  When  the  ore  is  an  oxide  the  pro- 
cess is  one  of  reduction.  The  active  element  used  in  effecting 
the  reduction  is  known  as  the  "  reducing  agent,"  and  in  the 
case  of  iron  this  is  invariably  carbon  or  carbon-monoxide 
(CO),  always  at  a  high  temperature. 

Flux  is  a  substance  added  to  the  furnace  charge,  which, 
by  combining  with  the  siliceous  and  other  extraneous  matters 
or  gangue  of  the  ore,  yields  at  the  furnace  temperature  a  readily 
fusible  substance  known  as  a  slag.  Iron  ores  having  a  gangue 
of  infusible  quartz  might  be  smelted  without  the  addition  of 
flux,  but  this  would  cause  a  loss  of  iron,  since  ferrous  oxide 
(FeO)  readily  combines  with  quartz  or  silica,  producing  a 
fusible  ferrous  silicate,  which  is  not  reducible  by  carbon  or 
carbonic  oxide,  the  reducing  agents  of  the  blast  furnace,  and 
which  therefore  would  pass  away  into  the  slag  with  a  corre- 
sponding loss  of  iron.  A  similar  result  follows  if  the  gangue 
be  argillaceous,  for  the  aluminous  silicate  (clay),  which  alone 
is  practically  infusible,  combines  readily  with  a  portion  of 
the  ferrous  oxide  of  the  ore,  producing  thereby  a  double 
silicate  of  alumina  and  iron,  which  is  easily  fusible  ;  but  to 
obviate  the  loss  of  iron  which  would  thus  result  it  is  usual 
to  add  a  flux  of  limestone,  the  lime  of  which  enters  into  com- 
bination with  the  silica  or  siliceous  clay,  yielding  fusible  sili- 
cates, or  slags  of  the  double  siUcates  of  lime  and  alumina. 
When  the  oies  are  the  rich  oxides  of  iron  (haematites),  lime 
and  also  argillaceous  matters,  in  the  form  of.  shales  or  argil- 
laceous iron-ore,  are  often  added. 

Slags  are  the  earthy  portion  of  the  ores  combined,  when 
necessary,  with  fluxes  so  as  to  produce  a  fusible  mass  which 
can  be  tapped  from  the  furnace  in  a  liquid  condition. 

A  slag  must  be  fusible  at  the  temperature  of  the  furnace, 
so  that  it  can  be  tapped  out,  and  must  be  of  sufficiently  low 
specific  gravity,  and  sufficiently  liquid,  to  allow  the  metal  to 
separate  readily,  and  it  should  be  as  free  as  possible  from  the 
metal  being  smelted.     Slags  are  almost  invariably  siUcates : 
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in  iron  smelting,  silicates  of  lime  and  alumina ;  and  in  lead  and 
copper  smelting,  and  in  the  preparation  oi  malleable  iron  by 
puddling,  silicates  oi  iron. 

Slags  always  form  an  important  part  of  the  by-products 
of  any  metallurgical  industry,  and  the  profitable  disposal  of 
them  is  an  important  part  of  the  economies  of  the  works.  The 
character  of  slags  produced  in  the  various  branches  of  the 
iron  industry,  and  the  use  that  can  be  made  of  them,  will  be 
discussed  later. 

Puddling  is  a  process  by  which  pig-iron  or  refined  iron 
is  converted  into  malleable  iron  in  fixed  reverberatory  furnaces. 
The  term  pig-boiling  is  sometimes  applied  to  the  process  of 
puddling  as  now  carried  out. 

Refining  is  the  process  sometimes  employed  to  efEect  the 
partial  purification  of  pig-iron  by  the  removal  of  silicon, 
so  converting  it  into  white,  refined,  or  plate  metal.  This 
is  a  preliminary  to  its  conversion  into  malleable  iron  by 
treatment  in  the  puddling  furnace  or  charcoal  finery. 

Shingling,  or  nobbling,  is  the  treatment  received  by 
the  puddled  ball  under  the  hammer,  for  the  welding  together 
of  its  particles  into  a  solid  bloom,  and  the  expulsion  of 
slag  and  oxides  from  the  puddled  ball. 

Temperatures  employed  in  working  iron  and  steel  are 
often  expressed  by  such  terms  as  "  red-heat,"  "  white-heat," 
etc.,  and  the  following  figures  indicate  approximately  the 
temperatures  so  defined  : — 


Incipient  redneis              about                625°  C.     (977°  F.). 

Dull  red 

700°  C.  (1292°  F.). 

CUerry  red 

900°  C.  (1652°  F.). 

Deep  orange 

1100°  C.  (2012°  F.). 

White-heat 

1300°  C.  (2372°  F.). 

Ddzzling  white 

„                  1500°  C.  (2732°  F.). 

to  1600°  C.  (2912°  F.). 
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REFRACTORY  MATERIALS,   CRUCIBLES,   ETC. 

Refractory  materials  are  used  in  the  metallurgical  treat- 
ihent  of  iron  and  steel  for  the  building  and  lining  of  furnaces, 
for  the  preparation  of  crucibles,  and  other  minor  purposes. 
Those  most  used  are  fire-clays,  refractory  sands,  fire  stones 
(refractory  rocks),  lime,  magnesian  lime,  graphite,  etc.  The 
most  generally  used  material  is  clay,  which  is  the  basis  of 
nearly  all  the  firebricks  used,  and  of  all  the  crucibles. 

Clay  is  essentially  a  hydra  ted  silicate  of  alumina,  the 
purest  form.  Kaolin,  having  the  formula  Al203,2SiOo,2H20. 
The  most  important  property  of  clay  is  its  plasticity.  That 
is,  when  mixed  with  water,  in  addition  to  that  which  it  con- 
tains in  combination,  the  mass  becomes  so  plastic  that  it  can 
be  moulded  to  any  required  form.  On  drying,  the  mass 
acquires  some  firmness,  and  on  heating  to  redness  the  water 
of  combination  is  expelled,  the  mass  becomes  hard,  and  is  no 
longer  capable  of  being  made  plastic  by  the  addition  of  water. 
The  combined  water  has  been  expelled. 

All  natural  clays  contain  other  materials  intermixed  with 
the  clay,  and  when  these  are  of  such  a  character  as  not  to 
seriously  impair  its  power  of  resisting  a  high  temperature  it  is 
called  a  fire-clay. 

Pure  kaolin  contains  46*4  per  cent,  of  silica  ;  it  is  very 
infusible,  but  cannot  be  used  for  making  fire-bricks.  The 
fire-clays  tabulated  on  the  next  page — and  it  is  true  also 
of  almost  all  others — contain  a  large  excess  of  silica  over  and 
above  that  present  in  the  clay. 

The  value  of  a  fire-clay  largely  depends  upon  its  freedom 
from  such  bodies  as  lime,  magnesia,  ferrous  oxide,  and  par- 
ticularly the  alkalies,  any  of  which  at  high  temperatures 
would  readily  combine  with  the  free  silica  (SiOg)  of  the 
clay,  with  the  formation  of  readily  fusible  silicates* 
The  presence  of  3  to  4  per  cent,  of  foreign  basic  oxides  in 


20 


IRON. 


an  ordinary  clay — ^that  is,  one  that  contains  much  free  silica 
— will  render  it  fusible;  but  the  more  aluminous  the  clay 
the  larger  is  the  allowable  quantity  of  bases. 

The  following  analyses  of  well-known  fire-clays  will  give 
an  idea  of  their  composition  : — 


Analysbs  of  Fibb-clays. 


A 

B 

C 

D 

Silica         .... 

63-30 

67-12 

6610 

44-37 

Alumina    . 

.  23-30 

21-18 

19-80 

38  59 

Potash 

202 

— 

— 

Soda 

— 

— 

— 

Lime 

•73 

•32 

•61 

Magnesia   . 

•84 

"""" 

-30 

Ferrous  Oxide  (FeO)  . 

1-80 

— 

— 

1-82 

Ferric  Oxide  (Eefiz)   . 

— 

1-85 

6-30 

— 

Water  Combined 

.  / 

— 

4-82  J 

) 

„      Uygroscopio 

. 

10-30 

139^ 

7-60 

14-47 

Organic  Matter  . 

.  1 

— 

•90  I 

1 

) 

99-43 

100-44 

99-70 

10000 

A.— Stourbridge  Qay.  B.— South  Wales  Clay.  C — Continental 
Clay  used  for  Fire-bricks.     D. — Gamkirk  Clay. 

Ferric  oxide,  if  present  in  large  quantity,  imparts  a  reddish 
colour  to  the  burnt  clay.  It  does  not  much  reduce  the  re- 
fractoriness of  the  clay,  provided  it  is  only  used  in  an  oxidising 
atmosphere,  as  ferric  oxide  and  silica  do  not  combine ;  but 
heated  in  a  reducing  atmosphere,  it  is  reduced  to  ferrous  oxide, 
which  readily  combines  with  silica.  Iron  pyrites  is  usually 
present  in  tiny  particles  distributed  through  the  mass  of  clay. 
During  firing  the  sulphur  is  burnt  out  and  ferrous  oxide  is 
formed.  This  combines  with  the  silica,  forming  black  ferrous 
silicate,  which  sinks  into  the  porous  clay,  and  a  tiny  hole  is  left 
where  the  pyrites  was,  surrounded  by  a  black  stain  of  ferrous 
silicate. 

Fire-clays  occur  largely  in  the  coal  measures  of  the  car- 
boniferous strata,  also  in  various  other  geological  formations. 
Most  of  those  used  in  the  manufacture  of  fire-bricks  belong  to 
the  carboniferous  period.  Clays  obtained  from  the  same 
locality  and  apparently  of  the  same  kind  are  found  to  differ 
widely  in  their  degree  of  fusibility,  this  to  a  large  extent  arising 
from  variations  in  the  proportions  of  silica. 
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If  a  material  will  readily  combine  with  a  basic  oxide  at  a 
high  temperature  it  is  said  to  be  an  acid  material,  siUca  being 
the  acid  substance  almost  invariably  present ;  on  the  other 
hand,  if  it  will  combine  readily  with  siliceous  materials  it  is 
said  to  be  basic,  whilst  if  it  can  be  heated  either  with  silica 
or  with  a  basic  oxide  without  fusion  it  is  said  to  be  neutral. 
The  large  quantity  of  silica  in  all  ordinary  fire-clays  shows 
them  to  be  distinctly  acid  bodies,  in  the  sense  defined  above. 
Much  more  acid  materials  are  often  used. 

Granister  is  a  siliceous  rock  containing  just  enough  clay 
to  bind  the  mass  together.  Dinas  rock  or  Dinas  clay  is  a 
siliceous  rock  of  no  binding  power,  containing  often  as  much  as 
98  per  cent,  of  silica,  and  even  more  siliceous  materials  are 
sometimes  used,  as,  for  instance,  calcined  flints,  which  are  used 
in  the  manufacture  of  some  silica  bricks,  and  fine  white  sand, 
which  is  nearly  pure  silica. 

Eocks,  etc.— Fire  stones,  very  refractory  sandstones,  are 
sometimes  used  in  furnace  construction.  They  are  hard  and 
difficult  to  work,  and  therefore  costly ;  but  they  yield  the 
most  durable  bottoms  for  the  blast  furnace,  and  therefore  are 
still  largely  used  for  that  purpose.  Kocks  can  never  be  used 
in  places  subject  to  sudden  fluctuations  in  temperature. 

Fire-bricks. — Clay  is  almost  invariably  made  into  fire- 
bricks ;  these  should  withstand  continued  exposure  to  the  high- 
est temperatures  of  a  furnace  without  decomposition,  cracking, 
fusing,  or  sensibly  softening ;  they  should  bear  considerable 
pressure  whilst  heated  without  suffering  fracture  or  distortion  ; 
they  should  be  unaffected  by  considerable,  and  sometimes 
sudden,  variations  of  temperature.  For  certain  purposes 
they  require  to  be  unaffected  by  contact  at  a  white  heat  with 
such  metallic  oxides  as  those  of  iron  and  magnesia,  or  other 
basic  siags  or  scorisB;  contact  with  heated  fuel  should  be 
without  effect  upon  them ;  they  should  be  able  to  resist  at 
one  time  an  oxidising,  and  at  another  a  reducing,  action. 
For  convenience  in  building  fire-bricks  are  required  to  be 
regular  in  shape  and  uniform  in  quality. 

All  these  quaUties  are  never  to  be  found  to  perfection  in  one 
brick  ;  and  in  each  case  the  best  possible  compromise  has  to 
be  made.  For  blast-furnace  construction,  bricks  such  as 
the  Glenboig,  which  have  not  a  very  large  excess  of  silica 
present,  are  the  most  suitable,  and  highly  siliceous  bricks  are 
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to  be  avoided,  as  the  slags  contain  a  considerable  quantity 
of  lime.  In  the  upper  part  of  the  blast  furnace,  where  the 
temperature  is  not  very  high,  highly  refractory  bricks  are 
not  by  any  means  necessary. 

In  the  manufacture  of  fire-bricks,  their  constituent  fire- 
clays cannot  be  used  directly  as  they  are  found — ^that  is,  in 
the  raw  state — ^since,  although  the  clay  may  be  sufficiently 
refractory  for  the  purpose  intended,  yet  it  is  not  sufficiently 
uniform  in  composition,  and  if  used  alone  the  brick  would 
shrink  far  too  much. 

The  clay  is  sometimes  tempered  by  exposure  to  the  air, 
protected  from  rain,  for  some  time,  and  is  then  crushed  in  a 
suitable  mill  to  a  coarse  powder.  Any  necessary  addition  to 
prevent  shrinkage  is  then  made.  The  usual  substance  added 
is  burnt  clay  in  the  form  of  old  bricks,  but  cinders,  graphite, 
sand,  or  other  materials  may  be  used.  Whatever  the  material 
is,  it  is  crushed  to  the  same  degree  of  fineness  as  the  clay, 
and  the  materials  are  then  mixed  with  water  and  thoroughly 
incorporated  in  a  pug-mill ;  and  moulded  into  bricks 
by  machine  or  hand  labour,  as  in  the  case  of  ordinary 
bricks.  The  bricks  are  then  laid  out  to  dry,  and^  when  suffi- 
ciently dry  and  resisting,  are  placed  in  kilns,  each  holding 
from  15,000  to  20,000,  arranged  so  as  to  allow  of  the  heated 
gases  from  the  combustion  of  the  fuel  burning  on  a  grate  at 
the  end  of  the  kiln  to  circulate  around  and  between  them. 
After  some  six  days'  exposure  to  heat  in  this  manner,  the 
bricks  are  sufficiently  burnt  and  ready  for  withdrawal,  for 
which  purpose  the  fires  are  drawn,  and  the  Idlns  allowed  to  cool 
down.  Gas  fired  kilns  are  now  largely  used  for  brick  burning. 
The  shrinkage  during  the  drying  and  burning  of  fire-bric^ 
is  considerable,  so  that  for  the  production  of  a  9-in.  brick 
the  raw  clay  brick  will  require  to  be  from  J  in.  to  f  in. 
longer  than  the  burnt  brick  ;  the  exact  amount  requires  to  be 
determined  for  each  mixture  of  clay,  since  the  amount  of  con- 
traction varies  for  almost  every  clay  or  mixture  of  clays. 

Fire-bricks  must  be  set  in  fire-clay  and  never  in  lime  mortar, 
otherwise  at  furnace  temperatures  the  free  silica  of  the 
brick  will  combine  with  the  lime  of  the  mortar,  and 
produce  a  readily  fusible  silicate  of  lime,  with  consequent 
destruction  of  the  furnace. 

Silica  bricks  are  made  much  in  the  same  way,  but  the 
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cruslied  siliceous  material  is  mixed  with  a  small  quantity 
(about  1  per  cent.)  of  lime,  which  combines  with  some  of  the 
silica  and  forms  a  silicate  which  frits  the  whole  together.  Such 
bricks  are  never  strong. 

Analyses  of  Fire-bbicks,  Silica  Bricks,  Ganistbr. 


A 

B 

C 

D 

E 

Silica 

6210 

6800 

97-6 

920 

96-7 

Alumina    . 

3310 

36-50 

1-4 

60  \ 

1-3 

Ferric  Oxide 

300 

1-67 

0-65 

2-6  1 

lime 

0-90 

0-60 

0-15 

0-3 

2-0 

Magnesia   . 

trace 

0-90 

0-10 

0-2 

.^m 

Potash 

0-90 

212 

— — 

_ 

Soda 

0-30 

— 

— 



10000 

99-99 

99-70 

1000 

100-0 

A. — Glenboig  Fire-brick.     B. — ^Newcastle  Fire-brick.     C. — Dowlais 
Silica  Brick.     D. — Sheffield  Ganister  Brick.     E. — Silica  Brick. 


Siliceous  sand  is  an  exceedingly  refractory  material,  con- 
taining in  some  varieties  as  much  as  97  per  cent,  of  silica,  the 
remainder  consisting  of  a  Uttle  lime,  alumina,  oxides  of  iron 
and  water.  This  sand  is  used  for  mixing  with  fire-clays,  etc.^ 
in  the  manufacture  of  fire-bricks,  also  as  the  principal  ingre- 
dient in  the  mortar  used  in  the  setting  of  silica  bricks ;  it  is 
also  employed  in  making  the  bottom  or  hearth  of  the  Siemens 
melting  furnace.  Sands  less  pure  than  the  above,  containing 
enough  clay  to  give  binding  power,  are  also  employed  for 
making  the  pig-beds  of  blast  furnaces,  and  more  plastic 
sands  for  making  moulds  for  casting  iron. 

Such  material  as  silica,  dinas-rock,  ganister,  and  ordinary 
fire-clays  contain  excess  of  silica  and  are  acid  in  character, 
that  is,  they  tend  to  combine  with  bases  and  form  fusible 
siUcates.  For  some  purposes  this  is  objectionable,  and  basic 
materials  must  be  used.  Of  these  but  four  are  available : 
bauxite,  lime,  magnesia,  and  the  mixture  of  the  two — 
magnesia  hme — obtained  by  burning  magnesian  limestone. 

Lime  occurs  in  Nature  as  carbonate  in  limestones.  Mag- 
nesian limestone  occurs  in  the  north  of  England,  and  magnesite 
(magnesium  carbonate)  occurs  in  a  few  localities.  When  any 
of  these  are  heated,   carbon-dioxide  is  expelled,  and  lime, 
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magnesian  lime,  or  magnesia,  as  the  case  may  be,  is  left. 
These  substances  are  all  basic,  but  they  have  no  binding  power, 
and  lime  a,bsorbs  moisture  and  carbon-diosdde  so  rapidly  from 
the  ait  that  a  brick  or  lining  made  from  it  would  soon  fall  to 
pieces.  The  same  action  takes  place  with  magnesia  or  mag- 
nesian  lime,  but  to  a  less  extent.  The  magnesian  limestone  of 
the  north  of  England  contains  about  3  to  5  per  cent,  of  silica, 
which  at  a  high  temperature  frits  the  whole  together.  In  the 
manufacture  of  basic  bricks  hot  anhydrous  tar  is  used  to 
hold  the  material  together  until  this  temperature  is  reached. 
Basic  materials  are  chiefly  used  for  lining  furnaces  or  con- 
verters for  the  basic  steel  processes. 

The  neutral  materials  used  in  furnace  combustion  are 
graphite  or  blacklead,  and  chromite,  or  chrome  iron  ore, 
C  oOgFeO.  These  are  almost  exclusively  used  in  the  steel 
furnace,  and  therefore  do  not  need  more  than  a  mention 
here. 
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CHAPTER   III. 

ORES   OF  IRON; 

Iron  is  present  in  a  vast  number  of  minerals,  though  its 
workable  ores  are  not  very  numerous,  and  do  not  differ  as 
widely  in  their  chemical  composition  and  richness  as  the  ores  of 
some  other  metals.  The  only  minerals  worked  for  the  pro- 
duction of  iron  are  either  the  oxides  or  the  carbonates  of  iron, 
accompaniedby  a  gangue,  or  foreign  matters,  usually  consisting 
largely  of  calcareous,  siliceous,  argillaceous,  or  bituminous 
minerals  ;  and  it  is  upon  the  nature  and  quantity  of  the  foreign 
matter  present  that  the  desirability  of  working  the  deposit  of 
ore  depends.  Thus  a  haematite  iron  ore,  though  rich  in  iron, 
would  be  of  little  value,  perhaps  of  no  value,  if  it  contained  a 
considerable  proportion  oi  a  mineral  phosphate  (as  calcium 
phosphate)  or  ferrous  sulphide  (iron  pyrites) ;  whilst  5,  10,  or 
15  per  cent,  of  manganese  in  spathic  ores,  or  of  carbonaceous 
matters  in  a  clay  ironstone,  would  enhance  the  value  of  the 
ore. 

The  sulphides  and  silicates  of  iron  occur  very  abundantly 
as  minerals  dnd  metallurgical  products,  but  for  reasons  to  be 
subsequently  explained  are  not  available  as  ores  of  iron.  Of 
the  oxides  of  iron  used  in  iron-smelting,  the  most  important 
are  the  magnetites,  and  the  red  and  brown  haematites,  whilst 
the  carbonates  include  the  spathic  iron-ores,  the  argillaceous 
carbonates  known  as  clay  ironstones,  and  the  black  band  iron- 
stone. 

Iron  ores  occur  in  almost  the  whole  of  the  geological  series, 
but  most  abundantly  in  the  older  formations,  as  the  Silurian, 
Devonian,  and  Carboniferous,  although  the  brown  and  argil- 
laceous haematites  and  the  carbonates  also  occur  rather  largely 
in  the  Oolites  of  Europe. 

Native  iron,  in  the  form  of  hard  fine-grained  buttons  known 
as  "  native  steel,"  is  somet'mes  found  where  coal  seams  have 
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been  ignited  in  the  vicinity  of  ferruginous  deposits  ;  and 
"  meteoric  iron  "  is  found  in  large  or  small  masses  wtich  have 
fallen  upon  the  earth  from  space  outside  ;  but  these  are  of 
such  comparatively  rare  occurrence,  irregular  distribution,  and 
small  weight,  as  not  to  be  considered  amongst  the  ores  or 
sources  of  iron,  as  employed  in  the  arts. 

Magnetite  or  magnetic  iron-ore  is  the  richest  and  one 
of  the  most  widely  distributed  of  the  ores  of  iron.  The  pure 
mineral  is  iron-black  or  iron-grey  in  colour,  it  gives  a  black 
streak,  is  brittle,  magnetic,  and  sometimes  distinctly  polar ; 
it  occurs  crystalhsed  in  the  cubic  system  as  octahedra  and 
dodecahedra,  but  is  more  generally  found  in  the  massive  form, 
yielding  a  crystalline  or  granular  fracture ;  and  it  is  also 
foimd  in  the  form  of  grains  or  sand.  The  composition  of 
magnetite  is  represented  by  the  formula  FcsO^,  or  FcoOg,  FeO  ; 
when  pure  it  yields  72.41  per  cent,  of  iron,  but  the  two 
oxides  FeO,  Fe.203,  are  rarely  present  in  any  simple  atomic 
proportion,  and  the  ore  usually  contains  only  from  80  to 
90  per  cent,  of  the  magnetic  oxide  of  iron,  accompanied  with 
from  5  to  15  per  cent,  of  silica.  The  Swedish  magnetites 
imported  into  England  are  practically  free  from  sulphur 
and  phosphorus,  and  some  contain  considerable  proportions 
of  manganese.  Magnetites  occur  which  contain  considerable 
quantities  of  both  sulphur  and  phosphorus.  These,  however, 
are  only  exported  after  magnetic  concentration. 

Magnetic  iron  ore  occurs  in  granite,  gneiss,  clay -slate,  horn- 
blende-schist, and  other  metamorphic  rocks,  and  it  is  also 
often  accompanied  by  red  and  brown  haematites.  It  is 
from  these  ores  (magnetites)  smelted  with  charcoal  that 
the  famed  Dannemora  (Swedish)  iron  is  obtained.  The 
ore  employed  at  Dannemora  yields  from  25  to  60  per  cent, 
of  metallic  iron,  but  the  average  falls  below  50  per  cent.  ; 
the  ore  is  accompanied  by  a  gangue,  containing  silica  and  lime, 
in  sufficient  quantities  to  permit  of  its  being  smelted  with- 
out the  addition  of  any  further  flux  to  the  furnace  charge. 
Magnetic  iron  ore  is  found  in  considerable  abimdance  in  Nor- 
way and  Sweden,  whence  it  is  exported  in  large  quantities  ;  it 
occurs  also  in  Piedmont,  Saxony,  Canada,  the  United  States, 
Mexico,  the  Urals,  Siberia,  the  Island  of  Elba,  in  the  West 
of  England,  in  Devon,  and  in  Cornwall,  but  the  British 
deposits  are  not  worked. 
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AlTAT.YSES   OF 

Magnetio  Ikon-Ore. 

A 

B 

C 

D 

E 

F 

Ferric  oxide  (FeaO,) 

27-50 

68-98 

1300 

7217 

68-8 

67-31 

Ferrous  oxide  (FeO) 

66-80 

66-50 

2-20 

21-7 

28-33 

ManganouB  oxide 

- 

(MnO) 

0-24 

0-37 

0-56 

•27 

016 

trace 

Alumina  (AL2O3) 

3-81 

3-60 

•35 

^      ' 

Lime  (CaO)     . 

1-80 

1-21 

0-56 

3-42 

— 

Magnesia  (MgO) 

•80 

— 

1-52 

8-53 

— 

Silica  (SiOa)    . 

13-20 

24-76 

10*61 

— 

— 

Phosphoric  anhy- 

dride (P2O5) 

— 

003 

0-57 

•024 

P.  008 

0-07 

Ferrous    sulphide 

w 

(FeSz) 

004 

•029 

0-09 

Water  (OHg)  . 

—^ 

- 

3-20 

1-93 

TiOg-ll 

Insoluble  residue     . 

9-40 

— 

3-97 

100-34 

99-16 

98-95 

99-433 

99-88 

Metallic  iron  per  cent. 

61-16 

56-66 

53-97 

63-84 

— 

A. — Bannemora  ore  (Ward).  B. — Oural  ore.  C. — Devonshire 
(Riley).  D.— Persberg.  E.— Bispberg  (Akerman).  F.— British  Col- 
umbia. 

Franklinite  is  less  magnetic  than  magnetite,  which  it  other- 
wise closely  resembles  ;  it  occurs  in  the  metamorphic  Silurian 
limestones  of  New  Jersey,  United  States.  In  New  Jersey  it  is 
first  treated  for  the  extraction  of  zinc,  and  the  residues  so 
obtained  are  afterwards  smelted  for  spiegeleisen.  Frank- 
linite is  a  mixture  of  ferric  and  manganic  oxides  (Fe,  Mn)304 
with  ferrous,  manganous  and  zinc  oxide  (Fe,  Mn,  Zn)  0, 
of  which  Rammelsberg  gives  as  the  average  of  several  analyses 
45*16  per  cent,  of  iron,  9*38  per  cent,  of  manganese,  20*3 
per  cent,  of  zinc,  with  25-16  per  cent,  of  oxygen,  but  the  com- 
position is  very  variable.  It  is  usually  regarded  as  magnetite 
in  which  the  ferrous  oxide  (FeO)  is  replaced  by  zinc  oxide 
(ZnO). 

Chrome  Ores. — Chrome  iron  ore  (chromite)  may  be  re- 
garded as  being  magnetite  in  which  a  large  proportion  of 
the  ferric  oxide  is  replaced  by  chromic  oxide  (CraOgFeO). 
These  ores  have  long  been  used  as  the  source  of  chromic 
acid  and  the  chrome  salts  of  commerce.  They  are  also 
valuable  as  a  neutral  material  for  furnace  hnings,  and 
since  the  introduction  of    chiome  steels  thejr  have  been 
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smelted  for  the  preparation  oi  chrome  iron — an  alloy  of 
iron  and  chromium.  Chromite  \&  black  in  colour,  and 
very  closely  resembles  magnetite  in  properties  ;  the  streak 
is  browner,  and  it  is  less — sometimes  not  at  all — magnetic. 
It,  of  course,  gives  the  blowpipe  reactions  for  chromium. 
Chrome  ores  are  largely  imported  from  Eubea  in  the  Greek 
Archipelago,  Turkey,  New  Caledonia,  and  other  localities. 

Manganese  Ores. — Alloys  of  iron  and  manganese  such  as 
Spiegeleisen  and  ferromanganese,  are  now  largely  made  for 
use  in  the  steel  works,  and  for  this  purpose  large  quantities 
of  manganese  ores  are  imported.  These  ores  are  black  in 
colour,  and  consist  of  one  or  more  of  the  oxides  of  manganese, 
MnOo,  Mn304,  or  MugOs,  associated  usually  with  oxide  of  iron. 
The  principal  localities  from  which  these  ores  are  obtained  are 
the  United  States  (principally  Michigan  and  Wisconsin), 
Brazil,  India,  and  smaller  quantities  from  Greece,  Spain,  and 
Germany.     The  British  output  is  very  small.  ' 

Haematite. — Red  haematite,  which  is  the  base  of  a  most 
important  series  of  iron  ores,  consists  essentially  of  anhydrous 
ferric  oxide  (FcgOg),  and  occurs  of  various  shades  of  colour, 
from  deep  red  to  steel-grey,  with  a  crystalline,  fibrous, 
columnar,  botryoidal,  or  amorphous  structure ;  the  ores 
occur  further  in  both  the  earthy  and  the  compact  form,  as 
also  soft  or  hard,  etc.  From  the  variety  of  their  physical 
characters  the  red  haematites  have  received  special  names  ; 
thus,  the  crystalline  variety,  occurring  at  Elba,  Brazil, 
etc.,  is  known  to  the  mineralogist  as  specular -iron  ore  or 
iron-glance,  and  possesses  a  bluish  or  steel-grey  colour ; 
it  crystallises  in  the  rhombohedral  system,  yielding  a  red 
streak,  and  containing,  when  pure,  70  per  cent,  of  metallic 
iron.  The  scaly,  micaceous,  or  foliated  variety,  which  is  used 
as  the  basis  of  a  paint  for  iron  work,  is  known  as  micaceous 
iron-ore ;  and  when  red  haematites  assume,  the  form  of  dull, 
hard,  compact  masses,  often  reniform  or  kidney-shaped,  as 
occurring  in  Cumberland,  they  are  then  known  as  kidney  ore. 
The  soft  and  more  earthy  varieties  constitute  red  ochre,  whilst 
puddler's-mine  or  ore  is  the  soft,  unctuous,  compact,  earthy 
form  employed  for  the  making  and  repair  of  the  bottoms  of 
puddUng  furnaces. 

The  haematite  iron  ores,  owing  to  their  freedom  from  sulphur 
and  phosphorus,  have  been  in  great  demand  since  the  intro- 
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duction  of  the  Bessemer  steel  process  for  the  manufacture 
of  Bessemer  or  Haematite  pig-iron,  but  haematites  containing 
quantities  of  both  phosphorus  and  sulphur  occur  in  various 
parts  of  the  world.   • 

The  following  table  shows  the  average  composition  of 
some  of  these  ores  : — 


Analyses  of  Red  Hjbmatits  Ibon  Obes. 


A 

B 

C 

D 

Ferric  oxide  (FejOa)    . 

94-88 

86-50 

94-23 

85037 

Manganous  oxide  (MnO) 

004 

0-21 

0-23 

Alumina  (AI2O3) 

007 

0-61 

— 

lime  (CaO) 

0-34 

2-77 

0-05 

Magnesia  (MgO) 

trace 

1-46 

trace 

SiUca(Si02) 

4-55 

5-130 

Carbonic  anhydride  (COa)    . 

• 

2-96 

Phosphoric     „        (P2O5)    . 

003 

trace 

trace 

0-032 

Sulphuric        „         (SO3)      . 

0-11 

009 

Sulphur  (S)         .          .          . 

— 

0075 

Pyrites  (FeSa)     • 

0-47 

003 

Water  (H,0)       . 

— 

0-56 

Organic  matter  . 

— 

Insoluble  residue 

6-55 

518 

100-56 
60-55% 

100-88 

Metallic  iron  per  cent. 

66-42% 

65-98% 

59-526 

A. — Barrow-in-Furness  (Richards).      B. — Ulverstone  (Dick).     C. — 
Ulverstone  (Spiller).     B. — Canadian. 

In  the  North  Lonsdale  district  the  ores  average  from  52 
to  54  per  cent,  of  metallic  iron,  the  highest  yielding  from 
60  to  62  per  cent.,  whilst  the  poorest  contain  about  40  per 
cent. 

The  most  important  deposits  of  red  haematite  are  found 
in  the  Cambrian,  Silurian,  Devonian,  and  Carboniferous  rocks  ; 
the  deposits  of  North  Lancashire  and  Cumberland  occur  in 
veins  in  the  limestone  and  Silurian  systems,  and  at  Eskdale 
in  granite.  Red  haematite  is  often  associated  with  the  brown 
oxides,  and  the  ore  is  classed  as  hard  or  soft,  according  as  it 
contains  free  silica  in  excess  or  otherwise.  The  more  import* 
ant  Continental  and  foreign  deposits  of  these  ores  occur  in 
Spain,  Canada,  and  the  United  States. 

Brown  Hematite. — Brown  haematite  (limonite),  or  brown 
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iron-ore,  is  wlien  pure  a  hydrated  ferric  oxide,  represented 
by  the  formula  2Fe2033H20,  and  would  thus  yield  59-89  per 
cent,  of  metallic  iron.  It  has  a  dull  lustre,  and  varies  from 
blackish-  to  yellowish-brown,  but  it  affords  an  invariable 
yellowish-brown  streak.  It  occurs  in  irregular,  compact,  more 
or  less  homogeneous  masses,  in  the  Carboniferous  limestone  and 
lower  Coal  Measures  of  the  Forest  of  Dean,  Gloucestershire,  and 
Glamorganshire  ;  whilst  a  less  pure  variety,  containing  more  or 
less  mechanically  mixed  sand,  occurs  in  the  Lias,  Oolites,  and 
Lower  Greensands  of  Northamptonshire,  Lincolnshire,  Buck- 
inghamshire, and  Oxfordshire ;  and  in  all  these  districts  they 
are  oxidised  carbonates.  Brown  haematites  also  are  among 
the  most  important  of  the  ores  smelted  in  France  and  Ger- 
many. "  Bog-iron-ore  "  is  an  impure  brown  haematite,  smelted 
in  many  localities.  Associated  with  limonite,  and  included 
under  the  name  brown  ores,  are  gothite  (FcaOaH^O)  and 
turgite  (2Fea03H20). 


Analyses  op  Brown  Hjematitb  Iron- Ores. 


Ferric  oxide  (Fe^Oa) 

Manganous  oxide 
(MnO) 

Alumina  (AI2O3) 

Lime  (CaO)  . 

Magnesia  (MgO) 

SiUca  (SiOa)  . 

Phosphoric    anhy 
dride  (P2O5) 

Sulphuric    anhy- 
dride (SO3) 

Sulphur 

Pyriets  (FeS^) 

Water  (combined) 

(hygroscopic) 


A      I  B 

9005  '  6905 

I 

0-08  '  009 

014  '  trace 


C 
66-20 


D 

60-72 


0-06 
0-20 
0-92 


0-25 

0-28 

34-40 


009  i     014 


0-20 

2-43) 

0-49  \     11-175 

017  )  I 

29-09        12-66 

1 

0-84    !  trace 


E 


F 


67-80,  60-94 


traces  j      — 
—     i     009     I      — 
9 


I 


0075 


•28 

10-19 

2-80 

•59 


803 

1-60 

•06 


8-60 '   13-24 
1-02 
•08 


» 


9-22!     6-141,         (     13-77  |\,..„-     ,..«- 
I     Q.24  r  !  lu  90  ^  I     j.^q  |  j-15  35     15  35 


MetalUc    iron    per 
cent. . 


A.— Forest  of  Dean  (Dick).  B.— Glamorganshire  (E.  Riley).  C— 
Northamptonshire  (Percy).  D.— New  South  Wales.  E.— Antrim. 
F. — Lincolnshire. 


As  previously  mentioned,  brown  haematites  vary  much, 
both  as  regards  the  percentage  of  metallic  iron  which  they 
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contain,  and  also  in  their  freedom  from  such  impurities  as 
phosphorus  and  sulphur,  whilst  manganese  is  almost  always 
present  in  those  ores,  and  they  are  accompanied  by  more 
or  less  earthy  matter. 

Titaniferous  iron-ore,  or  Ilmenite,  occurs  massive,  but 
is  found  generally  as  a  dark-coloured  or  black  sand  along 
the  shores  of  the  Bay  of  Naples,  the  North-east  coast  of 
America,  Labrador,  New  Zealand,  etc.  Certain  ferruginous 
crystalline  rocks  having  been  disintegrated,  the  lighter 
portions  are  washed  away,  whilst  the  heavier  titaniferous 
particles,  or  grains,  constituting  the  bluish  iron  sands,  accumu- 
late upon  the  shore  in  sufficient  quantity  to  be  collected, 
and,  after  a  preliminary  mechanical  treatment,  to  be  smelted 
for  the  production  of  iron.  The  titaniferous  sands  contain 
a  large  proportion  of  magnetite,  besides  titaniferous  iron- 
ore,  and  these  are  usually  accompanied  by  free  silica,  with 
more  or  less  magnesia.  Titaniferous  iron-ore  is  a  most 
refractory  mineral,  and  when  in  a  ^e  state  of  division  is 
difficult  to  treat  in  the  blast  furnace. 

Carbonate  Ores. — Ferrous  carbonate,  FeCOg,  is  abundant 
as  an  iron  mineral,  and  in  admixture  with  various  foreign 
matters  forms  valuable  ores  of  iron. 

The  purer  varieties  are  described  as  spathic  ores,  whilst 
the  amorphous  argillaceous  ores  of  the  Coal  Measures  are 
known  as  clay  ironstones,  and  when  largely  impregnated 
with  carbonaceous  or  bituminous  matt3r  they  constitute 
blackband  ironstone. 

Spathic  Ore. — Spathic  ore  in  its  purest  form  constitutes 
the  crystallised  mineral  known  as  siderite,  which,  when  pure, 
yields  48*27  per  cent,  of  metallic  iron.  Siderite  occurs  as  a 
mineral  having  a  pearly  lustre,  and  varying  from  yellow  to 
brown  in  colour,  but  when  it  occurs  in  veins  exposed  to  water 
and  atmsopheric  influences,  it  is  usually  found  to  have  suffered 
decomposition,  and  to  have  become  converted  into  brown 
haematite  to  a  considerable  depth  from  the  surface.  Spathic  ores 
often  contain  considerable  quantities  of  manganous  oxide,  as  is 
the  case  with  the  spathic  ore  of  the  Brendon  Hills,  in  Somer- 
setshire, which  was  at  one  time  transported  to  Ebbw  Vale, 
South  Wales,  to  be  smelted  for  the  production  of  the 
manganiferous  pig-iron  known  as  spiegeleisen  The  other 
more  important  associates  of  spathic  ores  are  calcium  and 
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magaesium  carbonates,  with  occasionally  also  quartz,  with 
copper  and  lead  in  small  proportion.  This  ore  occurs  in 
the  Carboniferous  rocks  of  Durham,  Cornwall,  Devon,  and 
Somersetshire,  but  more  largely  on  the  Continent,  as  in  the 
mountain  masses  of  Siegen  and  Musen,  in  Rhenish  Prussia, 
where  it  is  found  in  rocks  of  Devonian  age  ;  at  Thuringia, 
in  Hungary,  it  occurs  in  Permian  rocks  ;  whilst  extensive 
deposits  also  are  present  in  Styria,  WestphaUa,  Lolling,  and 
Carinthia,  in  Austria,  as  also  in  Hanover  and  in  Russia. 

Analyses  of  Spathic  and  Other  Ibon  Ores. 


A 

B 

C 

D 

Ferrous  oxide  (FeO)    . 

43-84 

45-86 

40-77 

39-92 

Ferric  oxide  (FeaOa)    . 

0-81 

0-40 

2-72 

3-60 

Carbonic  anhydride  (COo)    . 

38-86 

3102 

26-41 

22-85 

Manganous  oxide  (MnO) 

12-64 

0-96 

— 

0-95 

Alumina  (Al^Os) 

— 

5-86 

7-86 

Lime  (CaO) 

0-28 

1-37 

0-90 

7-44 

Magnesia  (MgO) 

3-63 

1-85 

0-72 

3-82 

Potash  (K2O)      . 

— 

— 

0-27 

Silica  and  insoluble  residue 

008 

10-68 

8-76 

Clay           .... 

— 

10-10 

— 

Phosphoric  anhydride  (PaOo) 

— 

0-21 

— 

1-86 

Pyrites  (FeSa)     . 

— 

0-10 

— 

0-11 

Water  (OH2)       . 

018 

1-08 

100 

2-97 

Organic  matter  . 

100-32 

0-90 

100-29 

35-99 

17-38 

10000 

33-57 

100-41 

Metallic  iron  per  cent. 

34-67 

33-62 

A. — Spathic  ore,  from  Somersetshire  (Spiller).  B. — Clay  ironstone 
from  Dudley  (Dick).  C. — Blackband,  Scotland  (Colquhoun).  D. — 
Cleveland  Ironstone  (Dick). 

Clay  ironstone  is  the  argillaceous,  amorphous,  compact, 
or  earthy  variety  of  ferrous  carbonate,  occurring  either  in 
detached  nodules,  or  in  layers  of  nodular  concretions,  dis- 
tributed through  the  shales  and  clays  of  the  Coal  Measures, 
or  in  beds  o!  considerable  thickness  in  Liassic  rocks.  These 
consist  of  ferrous  carbonate  mixed  with  a  considerable  quantity 
of  clayey  matter,  or  perhaps  rather  are  beds  of  clay  which 
have  become  saturated  with  carbonate  of  iron.  The  iron  may 
be  evenly  distributed  through  the  bed,  or  it  may  be  collected 
into    concretionary    masses.      When    not    discoloured    by 
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admixture  with  carbonaceous  matters  or  by  atmospheric  de- 
composition, they  range  in  colour  from  light  grey  or  yellow 
to  brown,  but  the  lighter  coloured  varieties  rapidly  become 
brown  on  exposure  to  the  atmosphere ;  they  are  always 
impure,  containing  in  addition  to  the  clay  appreciable 
quantities  of  calcium,  magnesiuni,  and  manganese  carbon- 
ates, phosphoric  acid,  iron  pyrites  (FeSa),  and  occasionally 
also  other  minerals,  as  blende  (ZnS)  and  galena  (PbS).  The 
principal  localities  in  which  they  occur  are  the  Coal  Measures 
of  North  and  South  StafEordshire,  Derbyshire,  Yorkshire, 
Warwickshire,  Shropshire,  North  and  South  Wales,  Den- 
bighshire, and  in  Scotland. 

Blackband  ironstone  is  ferrous  carbonate  associated  with 
from  15  to  25  per  cent,  of  bituminous,  coaly,  or  other  carbon- 
aceous matter,  which  gives  it  almost  the  appearance  of  coal — 
it  is,  in  fact,  a  bed  of  coal  which  has  become  saturated  with 
ferrous  carbonate ;  it  occurs  in  beds  most  largely  in  the 
coalfields  of  Lanarkshire  and  Linlithgowshire,  to  a  smaller 
extent  in  North  Staffordshire,  and  also  in  South  Wales. 
Owing  to  the  large  amount  of  carbonaceous  matter  contained 
in  this  ore,  it  can  be  calcined  in  heaps  without  the  addition 
of  any  further  fuel,  and  the  calcined  product  yields  from 
50  to  60  per  cent,  of  metallic  iron. 

Other  earthy  and  metallic  impurities  are  always  present, 
and  the  ore  always  contains  a  considerable  quantity  of  phos- 
phorus. Black  band  ores  were  discovered  in  Scotland  by 
Mushet,  in  1801,  and  when  the  hot  blast  was  introduced  they 
came  rapidly  into  use  and  "  made  "  the  Scotch  iron  industry. 
The  Scotch  deposits  are  now  almost  exhausted. 

Cleveland  Ironstone. — This  is  one  of  the  most  important 
ores  now  raised  in  this  country.  It  was  first  worked  about 
1850,  and  it  has  led  to  the  development  of  Middlesbrough 
into  the  most  important  iron-producing  district  in  the  country. 
It  is  an  impure  carbonate,  the  carbonate  being  associated  with 
calcium  carbonate  and  other  earthy  matters.  The  beds 
seem  to  be  beds  of  an  ooUtic  limestone  in  which  the  calcium 
carbonate  has  been  replaced  by  ferrous  carbonate.  The  beds 
belong  to  the  Liassic  series.  They  are  very  fossiliferous, 
the  two  main  beds  being  distinguished  by  the  names  of 
the  predominant  fossils,  the  Avicula  and  Pecten  beds.  The 
total  thickness  of  the  beds  is  about  15  ft.  The  mines  are  on 
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the  Cleveland  Hills,  a  few  miles  behind — that  is,  south  of 
Middlesbrough — so  that  the  ore  can  easily  be  brought  down 
to  the  town. 

The  ore  is  more  or  less  granular  or  ooUtic  in  structure,  and 
usually  of  pale  bluish-green  colour,  due  to  the  presence  of 
ferrous  sihcate  ;  but  some  varieties  are  darker.  One  bed  at 
Rosedale  Abbey,  now  exhausted,  was  very  dark — nearly  black 
— and  was  magnetic  from  the  presence  of  magnetic  oxide. 
One  of  the  most  important  characters  of  the  ore  is  the  large 
quantity  of  phosphorus  always  present,  owing  to  the  very  fos- 
silif  erous  character  of  the  rock.  Ores  very  similar  in  character 
to  those  of  Cleveland  are  now  being  worked  in  other  places. 
The  readiness  with  which  the  carbonate  passes  into  the  hydrate 
under  the  influence  of  air  and  moisture  has  already  been  ex- 
plained, and  in  many  cases  where  surface  deposits  of  brown 
ore  have  been  worked  through,  carbonate  has  been  foimd 
underlying.  This  has  been  the  case  in  Northamptonshire. 
In  Lincolnshire  extensive  beds  of  fossiliferous  carbonates  of 
the  Lias  age  are  now  being  worked,  and  an  extensive  iron 
industry  is  growing  up  there  in  consequence.  The  ores  are 
high  in  phosphorus,  yellow  and  green  in  colour,  and  are  not 
unlike  those  of  Cleveland.  The  workable  beds  are  about  16  ft. 
in  thickness  ^ 

Imported  Iron  Ores. — ^With  the  introduction  of  the  Bes- 
semer process  for  steel-making  there  arose  a  great  demand 
for  pig  iron  free  from  sulphur  and  phosphorus,  and  this  could 
only  be  made  from  ores  free  from  these  elements.  As  the 
only  British  deposits  of  sxdtable  material — ^those  of  North 
Lancashire  and  Cumberland — ^were  quite  inadequate  to  meet 
the  demand,  ironmasters  had  to  seek  other  sources  of  supply. 
The  enormous  development  of  the  iron  industry  during  the  . 
last  thirty  or  forty  years  has  also  necessitated  a  supply  of 
ore  greater  than  the  home  mines  could  yield,  so  that  the  world 
has  been  searched  for  suitable  ore  deposits,  and  an  immense 
import  trade  in  iron  ore  has  grown  up. 

Among  the  most  important  of  the  districts  supplying  iron 
ore  is  Bilbao,  in  Spain,  from  which  district  about  8,000,000 
tons  of  ore  is  annually  exported.  The  ores  are  red  and  brown 
haematites  and  carbonates,  the  brown  ore  being  due  to  surface 
oxidation  of  the  deeper-lying  carbonate.  Four  varieties  of 
ore  may  be  mentioned  : — 
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(1)  Vena. — A  dark  purple  ore,  very  soft,  and  yielding  about 
60  per  cent,  of  iron.    It  occurs  only  in  small  quantity. 

(2)  Campanil. — ^A  dark  red  ore,  yielding  about  55  per  cent, 
of  iron,  the  gangue  being  mainly  carbonate  of  lime.  This  ore 
has  been  largely  used  both  for  smelting  and  in  the  open- 
hearth  steel  furnace,  but  the  supply  is  now  nearly  exhausted. 

(3)  Kubio. — A  brown  or  yellow  ore  occurring  in  lumps 
which  often  have  a  vesicular  structure.  Being  a  brown  ore, 
it  contains  a  considerable  quantity  of  water,  and  yields  about 
50  per  cent,  of  iron.    The  gangue  is  siliceous. 

(4)  The  carbonate  ore  is  now  being  largely  worked.  It 
has  an  oolitic  structure,  and  is  always  calcined  before  export. 

All  these  ores  are  free  from  sulphur  and  phosphorus.  Iron 
ores  occur,  and  are  extensively  worked,  in  many  other  parts  of 
Spain :  Carthagena,  Almeira,  Sevilla,  Huelva,  and  other  locali- 
ties may  be  mentioned.  The  ores  are  sometimes  black  (mag- 
netites), more  often  red  (haematites),  but  generally  brown  ores, 
and  they  are  usually  free  from  sulphur  and  phosphorus. 
Iron  ores  are  also  imported  from  Canada,  from  Cuba,  from 
Norway  and  Sweden,  from  Elba,  and  many  other  localities. 
Imported  ores  are  not  now  always  phosphorus -free,  as  for 
some  purposes  there  is  a  demand  for  phosphoric  ores. 

The  following  analyses  will  give  an  idea  of  the  character  of 
the  imported  ores  : — 


A 

B 

C 

D 

E 

F 

Iron 

58-80 

5549 

68-50 

48-26 

58-61 

46-56 

Manganese 

1-47 

•70 

Trace 

3-51 

1-82 

Silica 

3-20 

8-88 

2  50 

7-00 

5^42 

3-08 

Lime 

4-60 

Trace 

__ 

2-44 

8-22 

Sulphur    . 

•012 

•040 

•017 

•276 

•046 

Phosphorus 

1  Trace 

•012 

•018 

•014 

•017 

•016 

Copper     . 

— 

— 

•019 

Moisture  . 

6-00* 

10-30 

Trace 

2-50 

150 

6-50 

A. — Campanil.     B. — Kubio.     C. — Gellivara.     D. — Almeira,   Spain. 
E. — Mokla,  Algeria.     F. — Seriphos,  Greece. 

*  And  carbon  dioxide. 


Output  and  Consumption  of  Ore  in  the  United  Kingdom. 
— In  order  that  the  student  may  understand  to  what  extent 
Great  Britain  is  at  present  dependent  on  foreign  ore  supply 
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and  tlie  wide  field  from  which  this  is  derived,  the  following 
figures  for  the  year  1904  are  given  : — ] 

The  total  amount  of  iron  ore  raised  in  Great  Britain  was 
13,774,282  tons,  of  which  the  output  was  from  : 

TONS. 

Cleveland 5,758,510 

Scotland 838,104 

Staffordshire 818,468 


The  ore  imported,  including  chrome  ore,  was  from : — 


Sweden 

Norway 

Grerinany     . 

Holland 

Belgium 

France 

Portugal 

Spain  . 

Italy  . 

Greece 

Turkey,  European 

Turkey,  Asiatic  . 

Algeria 

Persia 

United  States 

Other  Foreign  Countries 


Total  from  Foreign  Countries 


TONS. 

238,256 

281,862 

2,534 

11,450 

9,410 

172,050 

6,045 

4,648,355 

344,555 
6,961 
2,802 

237,744 

2,441 

5,317 

79,145 

0,649,807 


From  British  Possessions  : — 

Australia  : 

Victoria 78 

New  South  Wales       .                 .  4,115 

Canada 22,290 

Newfoundland    . 18,217 

Other  British  Possessions 6,429 

Total  from  British  Possessions    .                 .        .  51,129 


Total  imports  from  all  sources,  6,700,746  tons,  or,  roughly 
speaking,  of  the  total  ore  used  about  one-third  is  imported. 
If  it  were  measured  by  the  amount  of  iron  produced  the  pro- 
portion would  be  much  larger,  since  the  imported  ores  are 
in  general  much  richer  in  iron  than  those  raised  at  home. 

In  the  y^ar  1904  the  amount  of  manganese  ore  imported 
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was  205,175  tons,  of  which  95,840  tons  came  from  Russia, 
52,620  tons  from  Brazil,  and  27,970  tons  from  India,  whilst  only 
3,971  tons  came  from  Greece. 

American  Iron  Ores. — The  immense  development  of  the 
American  iron  industry  during  the  last  twenty-five  years  has 
been  largely  due  to  the  discovery  of  immense  deposits  of  rich 
and  easily- worked  iron  ores.  Iron  ores  of  all  kinds  are  widely 
distributed  in  the  United  States,  but,  as  a  rule,  only  the  richer 
varieties,  such  as  magnetites  and  red  and  brown  ores  are 
smelted.  The  most  important  ores  at  present  worked  are  the 
hsematites  of  the  Lake  Superior  District,  about  75  per  cent, 
of  the  iron  made  in  the  United  States  being  made  from  these 
ores.  The  ores  come  to  the  surface  in  thick  beds,  and  are 
often  worked  by  quanying,  steam  navvies  being  largely  em- 
ployed to  lift  the  ore  and  transfer  it  to  the  railway  trucks. 

In  the  year  1903  the  output  in  the  Lake  Superior  district 
was  : 


TONS. 

From  the  Marquette  Range      ....       3,040,245 

3,749,567 
„         Gogebic  „ 

Vermillion 


„        Mesabi  „ 


2,912,912 
1,674,699 
12,892,542 


Total 24,271,966 

the  total  output  of  the  United  States  for  the  year  being 
32,471,550  tons.  The  ores  are  low  in  sulphur  and  phosphorus, 
and  the  iron  is  made  of  the  Bessemer  or  Haematite  quaUty.  In 
the  Southern  States  hsBinatite  ores  occur  which  contain  phos- 
phorus, and  are  therefore  used  in  the  manufacture  of  foundry 

pig. 

Classification  of  Iron  Ores. — ^Iron  ores  may  be  classified 
in  various  ways.  A  convenient  classification  is  that  based 
on  the  mineral  which  forms  the  basis  of  the  ore  : — 

Black  ores  ccntain  Magnetite. 

Hed  ores  „        Haematite. 

Brown  ores  „        Limonite. 

Carbonate  ores       ,,        Carbonate. 

For  practical  purposes  ores  are  often  classified  into  non- 
phosphoric  and  phosphoric.    Non-phosphoric  ores  are  such 
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ad  contain  lests  than  "06  per  cent,  of  phosplioric  anhydride, 
such  as  the  Cumberland  and  North  Lancashire  Haematites, 
Bilbao  ores,  etc.  Phosphoric  ores  contain  more  than  '60 
per  cent,  of  phosphoric  anhydride,  such  as  Cleveland  ores, 
Blackland  ores,  Clayband  ores,  etc.  Or  they  may  be  classified 
according  to  the  nature  of  the  gangue  associated  with  the 
iron  mineral : — 

(1)  Siliceous  Ores. — Those  in  which  the  gangue  is  mainly 
silica — e.gr.  the  Cumberland,  North  Lancashire  Haematites, 
most  Spanish  ores,  etc. 

(2)  Calcareous  Ores. — In  which  the  gangue  is  mainly  car- 
bonate of  Ume — e.g.  Campanil  ore. 

(3)  Aluminous  Ores. — Li  which  the  gangue  is  mainly 
alumina — e.g.  Belfast  aluminous  ore. 

(4)  Argillaceous  Ores. — Those  in  which  the  gangue  is 
mainly  clay — e.g.  Clayband  ores. 

(5)  Bituminous  Ores. — Those  in  which  the  gangue  con- 
tains a  large  quantity  of  bituminous  or  coaly  matter — e.g. 
Blackband  ores. 

This  classification  is  very  convenient  for  smelting 
purposes. 
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CHAPTER    IV. 

METALLURGICAL  CHEMISTRY   OF   IRON. 

Pore  metallic  iron,  as  already  stated,  is  a  body  difficult  of 
preparation,  especially  in  the  compact  state,  except  by 
laboratory  methods,  and  the  pure  metal  is  not- therefore  a 
substance  of  commercial  importance  ;  but  in  combination 
with  variable,  but  small  proportions  of  carbon,  and  other 
metallic  and  non-metallic  elements,  such  as  sulphur,  silicon, 
phosphorus,  manganese,  etc.,  it  constitutes  the  various 
qualities  of  pig-iron,  steel,  and  malleable-iron.  The  chemical 
symbol  for  iron  is  Fe,  and  its  atomic  weight  is  56. 

Pure  iron  is  prepared  by  the  electrolysis  of  ferrous  chloride 
(FeCL2),  ^y  *^®  reduction  of  ferric  oxide  (Fe203),  or  of  ferrous 
chloride,  by  heating  either  of  them  to  redness  in  a  tube 
through  which  a  current  of  hydrogen  gas  is  passed ;  or  in 
a  nearly  pure  state  it  can  be  obtained  by  the  fusion  under 
a  layer  of  glass  free  from  metallic  oxides,  of  fine  iron  wire 
or  iron  filings,  with  artificially-prepared  magnetic  oxide  of 
iron.  Iron  as  prepared  by  the  last  method  is  a  metal  vary- 
ing in  colour  from  bluish-grey  to  silver  whiteness  according 
to  the  state  of  its  aggregation ;  as  reduced  from  ferric  oxide 
by  hydrogen,  it  forms  a  grey  powder,  which  is  pyrophoric 
(that  is,  takes  fire  spontaneously  on  exposure  to  the  atmo- 
sphere) if  the  temperature  employed  in  its  production  has 
not  exceeded  dull  redness ;  but  it  no  longer  possesses  this 
quality  if  the  temperature  employed  in  its  preparation  has 
exceeded  this  limit.  As  obtained  from  ferrous  chloride 
(FeClg),  the  metal  yields  well-defined  cubical  crystals,  and  it 
is  always  crystalline  after  fusion.  Iron  is  capable  of  receiving 
a  high  polish,  it  is  very  tenacious,  ductile,  and  malleable, 
the  last  quality  being  unaffected  by  heating  and  subse 
quent  rapid  cooling,  neither  is  it  hardened  by  this  treatment; 
Electro-deposited  iron  absorbs  or  occludes  hydrogen  to  the 
extent  of  from  seventeen  to  twenty  times  its  own  volume. 
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Magnetism  of  Iron. — One  of  the  most  staking  properties 
of  iron,  in  which  it  excek  all  other  elements,  is  its  power  of 
beconiing  magnetic.  If  a  piece  of  nearly  pure  iron  be  brought 
into  a  magnetic  field,  it  at  once  becomes  magnetic  to  a  much 
higher  degree  than  the  field  in  which  it  is  placed.  Its  mag- 
.netic  permeability  is  therefore  said  to  be  high.  It  seems  to 
concentrate  the  surrounding  magnetism  into  itself.  Imme- 
diately it  is  taken  out  of  the  magnetic  field  the  magnetic  power 
is  lost — that  is,  it  is  not  retained  by  the  iron,  or  its  magnetic 
retentivity  is  almost  nil.  At  a  high  temperature — about  a 
red  heat— the  magnetic  permeability  is  completely  lost,  and 
the  iron  ceases  to  be  magnetic.  The  presence  of  foreign 
elements  in  the  metal  greatly  modifies  its  magnetic  proper- 
ties. A  small  percentage  of  carbon  decreases  the  permeability, 
but  increases  the  retentivity,  so  that  permanent  steel  magnets 
can  be  made,  whilst  a  considerable  percentage  of  manganese 
destroys  both  properties. 

Pure  iron  is  softer  than  the  commercial  varieties  of  malle- 
able iron,  and  has  a  specific  gravity  of  7*87.  Its  melting  point 
does  not  appear  to  have  been  accurately  determined,  for  whilst 
Pouillet  estimates  it  at  from  1,500°  C.  to  1,600°  C.  (2,732°  F. 
to  2,912°  F.),  Scheerer  gives  it  as  2,100°  C.  (3,812°  F.),  but 
the  presence  of  small  quantities  of  carbon  in  combination 
with  the  metal  rapidly  lowers  the  melting  point. 

Iron  is  unaffected  by  dry  air  at  ordinary  temperatures 
(except  in  the  pyrophoric  or  spongy  state  already  described), 
or  in  perfectly  pure  water  free  from  air,  oxygen,  or  carbonic 
anhydride  ;  but  if  exposed  to  a  moist  atmosphere,  then  the 
oxidation  commonly  known  as  rusting  rapidly  proceeds, 
if  carbon-dioxide  is  also  present,  as  it  always  is,  in  the 
atmosphere.  The  presence  of  carbon-dioxide  appears 
essential  to  the  rusting  of  the  iron  by  moisture,  since  the 
metal  may  be  kept  bright  for  almost  any  length  of  time 
in  pure  lime  water,  or  in  a  solution  of  soda.  Under  the 
joint  influence  of  moisture,  oxygen,  and  carbon-dioxide, 
ferrous  carbonate  is  first  produced  on  the  surface  of 
the  iron,  but  this,  by  absorbing  a  further  proportion  of 
water  and  oxygen,  becomes  changed  to  a  hydrated  ferric 
oxide,  with  the  liberation  of  carbon-dioxide,  which  latter 
then  reacts  upon  a  fresh,  portion  of  the  iron  in  the  presence 
of  water  and  oxygen,  and  a  further  quantity  of  ferrous  car- 
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bonate  is  produced,  and  so  the  cycle  continues  to  be  repeated. 
Further,  the  hydrated  oxide,  or  rust,  is  electro-negative 
with  respect  to  the  metallic  iron  upon  which  it  is  formed, 
and  the  electrical  condition  thus  resulting  still  further  pro- 
motes the  action  of  oxygen  on  the  metal,  and  the  corrosion 
of  the  iron  thus  proceeds  rapidly.  Water  holding  carbon 
anhydride  and  free  oxygen  in  solution  rapidly  attacks  and 
oxidises  metallic  iron.  Iron,  when  heated  to  redneS3  in 
contact  with  air  or  oxygen,  is  rapidly  oxidised,  with  the  pro- 
duction of  a  black  scaly  oxide  readily  detachable  from  the 
surface  of  the  iron.  This  oxide  constitutes,  on  the  large  scale, 
the  hammer-scale  or  hammer-slag  of  the  forge,  and  is  mainly 
the  magnetic  oxide  Fe304.  Iron  at  a  red  heat  decomposes 
water  with  the  liberation  of  hydrogen  and  the  formation  of 

Hydrochloric  acid  attacks  metallic  iron  with  the  forma- 
tion of  ferrous  chloride  (FeClo)  and  the  liberation  of  free 
hydrogen.  Concentrated  sulphuric  acid  (H^SO^)  also  attacks 
the  metal  with  the  liberation  of  sulphur-dioxide  (SOj), 
whilst  ferrous  sulphate  (FeSOJ  crystallises  out;  but  if  the 
diluted  acid  be  employed,  then  hydrogen  is  liberated,  and 
ferrous  sulphate  remains  in  solution.  The  action  of  nitric 
acid  upon  iron,  at  the  ordinary  temperature,  varies  with 
the  degree  of  concentration  of  the  acid.  Thus,  ordinary 
nitric  acid  attacks  iron  vigorously  with  the  evolution  of 
nitrous  fumes  in  abundance,  but  if  the  acid  be  dilute  there 
is  no  sensible  escape  of  gas,  and  ferrous  nitrate  Fe(N03)2 
and  ammonium  nitrate  (NH4NO3)  occur  in  solution ;  thus 
(IOHNO3  +  4Fe  =  4Fe(N03)2  +  NH4NO3  +  3H3O)  strong- 
fuming  nitric  acid  is  without  action  upon  the  metal,  a 
bright  surface  of  which  may  be  introduced  into  the  cold 
concentrated  acid  without  inducing  any  chemical  decom- 
position, in  which  case  the  surface  of  the  metal  on  immersion 
assumes  a  duU  whitish  appearance,  and  no  further  action 
ensues,  the  metal  having  assumed  what  is  known  as  the  passive 
condition. 

Iron  Oxides. — Four  oxides  of  iron  are  known.  Corre- 
sponding hydrates  of  some  of  them  exist,  and  two  form  the 
starting  point  of  a  series  of  salts.  The  important  oxides  are 
the  ferrous  oxide  (FeO),  [ferric  oxide  (Fe203),  and  the  inter- 
mediate black  oxide  (FcgO^). 
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Black  oxide  (Fe304)  is  a  magnetic  substance  obtained 
by  heating  iron  to  redness  in  steam.  Hammer-scale, 
obtained  by  heating  iron  in  air,  is  not  uniform  in  com- 
position or  physical  character.  The  outer  layer  of  scale 
is  foimd  to  be  strongly  magnetic,  almost  metallic  in  lustre, 
brittle,  fusible  only  at  the  highest  temperatures,  more  highly 
oxidised,  and  somewhat  redder  in  colour  than  the  inner 
layers,  which  are  less  lustrous,  spongy,  tougher,  and  less 
magnetic  than  the  outer  layers.  Magnetic  oxide  (FegO^)  is 
the  oxide  of  iron  entering  most  largely  into  the  composition 
of  the  scale,  but  there  is  also  a  variable  excess  of  ferric  oxide 
(Feo03),  and  hence  the  varying  physical  qualities  of  the  scale. 
Magnetic  oxide  occurs  native  as  the  black  mineral  known  as 
magnetite. 

When  the  magnetic  oxide  is  dissolved  in  acids  a  mixture 
of  ferrous  chloride  (FeClg)  and  ferric  chloride  (Fe2Cl6)  results, 
the  proportion  of  the  two  salts  being  the  same  as  that  of  the 
oxides  in  the  substance  dissolved. 

Magnetic  oxide  is  sometimes  regarded  as  being  a  mixture 
or  molecular  combination  of  the  other  two  oxides. 

Ferric  oxide  (FcaOs)  is  a  very  stable  and  practically  fixed 
oxide  of  iron,  decomposable,  however,  at  a  white  heat,  with 
the  liberation  of  oxygen  and  the  production  of  the  magnetic 
oxide  (SFegOg  =  2Fe304  +  0).  Ferric  oxide  is  produced  when 
ferrous  sulphate  is  strongly  heated,  the  salt  suffering  de- 
composition with  the  elimination  of  sulphur  -  dioxide 
(SO2)  and  sulphuric  anhydride  (SO3),  whilst  a  bright  red 
pulverulent  powder,  forming  the  roufg^or  colcothar  of  com- 
merce, is  obtained,  which  has  the  composition  of  ferric  oxide. 
Ferric  oxide  is  decomposed  with  the  reduction  of  metallic 
iron  by  heating  it  in  a  current  of  carbonic  oxide  (CO)  or 
hydrogen,  or  by  heating  it  with  carbon.  Ferric  oxide  after 
ignition  is  only  slowly  acted  upon  by  either  hydrochloric, 
nitric,  or  sulphuric  acid,  but  previous  to  ignition  it  is  readily 
soluble  in  these  acids  with  the  production  of  stable 
ferric  salts  ;  if  heated  with  an  excess  of  sulphur,  sulphur- 
dioxide  (SO2)  is  evolved,  and  ferrous  sulphide  (FeS)  is 
obtained. 

Ferric  oxide  is  prepared  in  the  laboratory  by  heating 
to  redness  ferrous  nitrate,  oxalate  or  sulphate,  or  a  mixture 
of  ferrous  sulphate  and  sodium  chloride  ;  whilst  it  occurs  in 
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nature  in  sufficient  abundance  to  be  worked  as  the  mineral 
hsematite. 

The  hydrated  ferric  oxide  (2Fe203,3H20)  is  the  most 
stable  of  the  hydrated  oxides  of  iron,  and  occurs  native  as 
brown  hsematite  or  limonite.  The  freshly  precipitated 
oxide  obtained  by  adding  potash,  soda,  or  ammonia,  to  a 
solution  of  a  ferric  salt,  is  an  amorphous,  brownish-red 
body,  readily  soluble  in  acids,  and  even  slightly  soluble  in 
water  containing  carbon-dioxide  in  solution,  and  having 
the  composition  Fej033H20,  but  after  remaining  precipi- 
tated for  some  time,  or  by  boiling  with  water  during  six  or 
seven  days,  it  loses  two  equivalents  of  its  water  of  composition, 
retaining  but  one  equivalent,  assuming  thereby  a  more 
brick-red  colour,  and  becoming  only  slightly  soluble  in  the 
mineral  acids. 

Iron  rust  is  essentially  hydrated  ferric  oxide  of  variable 
composition,  produced  on  the  exposure  of  metallic  iron  to 
the  joint  action  of  air,  water,  and  carbon-dioxide. 

Ferrous  oxide  (FeO)  is  of  little  metallurgical  importance. 
It  is  a  very  unstable  body,  and  even  if  it  has  ever  been 
obtained  pure  oxidises  so  readily  that  it  is  of  no  practical 
importance,  but  it  is  the  starting  point  of  the  ferrous  salts 
in  which  iron  exists  in  the  ferrous  condition,  such  as  the 
carbonate  FeC03,  the  sulphate  FeSO^,  etc.  Clay-ironstone 
contains  a  large  proportion  of  ferrous  carbonate,  and  it 
exists  in  a  still  larger  proportion  in  the  crystallised  ores 
such  as  siderite  or  spathic  iron-ore.  In  combination  with 
silica,  it  forms  ferrous  silicate  (2FeO,Si02),  which  enters  largely 
into  the  composition  of  the  various  slags,  cinders,  etc.,  pro- 
duced in  the  metallurgical  treatment  of  iron.  The  hydrated 
oxide  or  ferrous  hydrate  is  precipitated  as  a  white  flocculent 
precipitate,  when  potash  or  soda  is  added  to  a  solution  of  a 
ferrous  salt ;  but  the  precipitate  rapidly  changes  from  white 
to  green  and  then  to  brown,  owing  to  the  absorption  of 
oxygen. 

A  fourth  oxide  is  ferric  anhydride,  which  in  combination 
with  water  is  known  as  ferric  acid  (HgFeO^),  is  not 
of  metallurgical  interest,  since  it  has  not  been  obtained  in 
the  free  state.  Its  alkaline  salts  result  in  small  proportion 
when  nitre  and  iron  filings,  or  nitre  and  ferric  oxide,  are 
heated  to  dull  redness  and  are  very  unstable ;   they  rapidly 
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and  spontaneously  decompose  with  the  liberation  of  oxygen 
and  the  separation  of  ferric  oxide. 

Componnds  of  Carbon  and  Iron. — Iron  and  carbon  com- 
bine readily  under  various  conditions,  and  the  importance 
of  these  combinations  is  so  great  commercially  that  they 
must  be  somewhat  fully  considered. 

When  iron  is  melted  with  carbon,  as  in  the  blast  furnace, 
the  carbon  is  absorbed  until  about  4*5  per  cent,  is  present. 
The  same  result  may  be  obtained,  though  more  slowly,  by 
heating  iron  to  the  welding  temperature  in  presence  of  solid 
carbon,  as  in  the  cementation  process  of  making  steel.  In- 
deed, carbon  and  iron  combine  so  readily  that  it  is  almost  im- 
possible to  prepare  perfectly  carbon-free  iron. 

Pig  iron  containing  about  4*5  per  cent,  of  carbon,  the 
maximum  which  it  can  take  up,  is  not  a  definite  compound. 
Up  to  the  present  only  one  definite  compound  of  carbon 
has  been  proved  to  exist — ¥e^C,  which  was  discovered  by 
Professor  Abel,  and  is  therefore  often  called  "  Abel's  Carbide," 
which  contains  93*23  per  cent.  Fe.  and  6*67  per  cent.  C. 

Another  carbide — Fe24C,  containing  '89  per  cent,  carbon 
— ^has  been  suggested,  but  its  existence  has  not  been 
proved.  If  it  is  not  a  definite  carbide,  it  is  certain  that 
carbon  can  exist  to  this  amount  in  a  state  of  solid  solution 
in  iron.  Carbon  exists  in  commercial  forms  of  iron  in  at  least 
three  forms. 

(1)  Graphite. — ^When  a  mass  of  highly  carburised  iron — say 
a  pig-iron  containing  about  4  per  cent,  of  carbon — ^is  allowed  to 
solidify,  at  the  moment  of  solidification,  or  immediately  after 
the  metal  has  become  solid,  a  large  proportion  of  the  carbon 
may  be  ejected  in  the  form  of  fiat  black,  glistening  flakes  of 
graphite.  It  is  certain  that  in  the  liquid  metal  all  the  carbon 
was  either  in  solution  or  combination,  or  being  so  much  lighter 
than  the  iron,  it  would  have  floated  to  the  top,  and  as  the 
flakes  of  graphite  are  very  uniformly  distributed  the  separa- 
tion must  have  taken  place  after  the  mass  had  become  so  solid 
that  the  flakes  could  not  float  upward. 

Such  an  iron  would  be  a  grey  iron.  Much  of  the  carbon 
would  be  present  in  the  form  of  graphite,  which,  if  a  sample 
of  the  iron  were  dissolved  in  acid,  would  be  left  in  the  in- 
soluble residue,  since  graphite  is  unacted  on  by  acids,  whilst 
the  small  portion  in  combination  would  escape. 
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(2)  Combined  Carbon. — When  a  sample  of  steel  is  dissolved 
in  acid  there  ia  no  residue  of  graphite,  the  whole  of  the  carbon 
present  passing  away  in  the  gaseous  form  with  the  evolved 
hydrogen.  The  carbon  is  present,  therefore,  in  the  combined 
condition,  and  not  in  the  form  of  graphite ;  but  it  is  found, 
further,  that  the  behaviour  of  the  carbon  in  a  steel  to  certain 
solvents  may  vary  according  to  the  character  of  the  steel, 
and  that  the  properties  of  the  steel  itself  will  vary  ve^  much 
according  to  which  of  the  two  forms  the  .carbon  is  present  in. 


Fi(r.  12.^ — Pearlite  Magnified  about  500  Diameters. 

Carbide  Carbon. — When  the  steel  is  cooled  slowly  and  then 
dissolved  in  some  acid  or  other  solvent  which  does  not  evolve 
hydiogenr— a  mixture  of  chromic  and  sulphuric  acids  being 
usually  used — the  carbon  is  left  in  the  form  of  a  definite  carbide 
(Fe,C),  and  carbon  in  this  form  is  always  spoken  of  as  carbide 
carbon. 

Hardening  Carbon. — If  the  steel  be  heated  to  redness  and 
then  suddenly  quenched,  it  becomes  intensely  hard,  and  if 
now  it  be  dissolved  as  before,  the  carbon  is  not  left  as  carbide, 
but  disappears  by  oxidation  or  otherwise.  As  the  carbon 
present  in  this  form  hardens  steel  it  is  called  haidening  carbon. 

Thus  carbon  may  exist  in  iron  in  three  forms : — (1) 
Graphite.  (2)  Combined  carbon  (a)  carbide  carbon;  (6) 
hardening  carbon. 
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In  order  to  learn  more  about  these  forms  of  combined 
carbon,  other  than  purely  chemical  methods  must  be  used, 
and  in  the  microscope  the  necessary  instrument  has  been 
found. 

If  a  piece  of  iron  containing  about  '89  per  cent,  of  carbon 
and  no  other  impurities  be  heated  to  redness  and  slowly 
cooled,  and  then  be  suitably  polished,  etched,  and  examined 
under  the  microscope,  it  is  found  to  show  a  very  peculiar 
structure  (shown  by  Fig.  12).  It  is  seen  to  be  made  up  of  a 
series  of  more  or  less  parallel  bands  of  two  substances  ;  the 
one,  much  harder  than  the  other,  resists  abrasion  and  the 
action  of  etching  agente  much  more  strongly,  and  so  stands 
up  in  relief. 

Of  these  two  substances — 

(1)  The  harder  one  is  the  carbide  (FcgC),  or,  as  it  is  called 
in  the  language  of  metallography,  Cementite.  This  is  an 
intensely  hard  body. 

(2)  The  softer  one  is  pure  iron,  Fe,  or,  as  it  is  known  in 
this  connection,  Ferrite. 

The  compound  body  made  up  of  the  two  is  called  Pearlite. 
Though  pearlite  seems  to  be  only  a  mechanical  mixture  it 
has  a  definite  composition,  and  contains  '89  per  cent,  of  carbon. 
k&  cementite  contains  6*67  per  cent,  it  is  obvious  that  pearlite 
consists  of  about  13*35  per  cent,  of  oementite  and  86*65  per 
cent,  ferrite.  The  percentage  of  cementite  is  the  percentage 
of  carbon  x  15. 

The  maximum  amount  of  carbon  which  can  be  held  by 
solid  pure  iron  is  about  4*5  per  cent.,  but  that  amount  may 
be  increased  by  the  presence  of  other  constituents. 

If  the  sample  of  metal  be  heated  to  redness,  chilled  in 
water,  and  then  polished  and  etched  as  before,  an  entirely 
different  structure  is  seen.  The  pearlite  has  disappeared. 
The  metal  looks  almost  structureless,  but  faint  feathery 
crystals  may  be  detected.  The  carbon  here  has  not  separated, 
but  has  remained  distributed  through  the  whole  of  the  mass, 
probably  in  the  form  of  a  solution  ;  and  as  the  solvent  iron  in 
this  case  is  solid  and  not  liquid,  it  is  called  a  solid  solution. 
This  form  is  called  Martensite. 

If  now  a  sample  of  metal  containing  less  carbon  than  '89 
— say  '2  per  cent. — of  carbon  be  heated,  slowly  cooled,  and 
etched  as  above  described,  and  this  examined,  it  will  be  found 
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that  there  are  only  small  particles  of  pearlite,  which  are 
surrounded  by  masses  of  ferrite.  It  will  be  seen  that  there 
is  not  enough  carbon  to  convert  all  the  iron  into  pearlite, 
so  that  the  balance  will  be  left  as  ferrite.  If  the  sample  be 
quickly  cooled,  the  sample  will  consist  of  Martensite,  and 
perhaps  ferrite. 

If  now  a  sample  containing  more  than  '89  per  cent,  of  carbon 
— say  with  1*2  per  cent,  of  carbon — ^be  slowly  cooled,  the  main 
portion  of  the  mass  will  be  found  to  be  made  up  of  pearlite  ; 
but  obviously  there  is  now  more  than  enough  carbon  to  form 
pearlite.  The  excess  will  remain  as  fragments  or  filaments 
of  cementite  scattered  through  the  pearlite. 

Carbon,  therefore,  may  be  present  in  iron  as — (1)  Inter- 
mixed graphite.  (2)  Cementite  in  pearlite.  (3)  Cementite  in 
excess  of  that  required  to  form  pearlite  or  structurally  free 
cementite.  (4)  Martensite,  which  may  or  may  not  be 
associated  with  excess  of  cementite  or  ferrite. 

The  conditions  under  which  the  carbon  can  exist  in  each 
form,  and  the  changes  produced  in  the  properties  of  iron  by 
variations  in  the  form  in  which  the  carbon  is  present  will  be 
discussed  fully  in  the  companion  volume  which  treats  on 
"  Steel :  its  Varieties,  Properties,  and  Manufacture." 

Ferrous  carbonate  (FeCOg)  is  metallurgically  one  of  the 
most  important  salts  of  iron,  since  the  anhydrous  ferrous 
Qarbonate  occurs  crystallised  as  siderite  or  spathic  iron  ore, 
and  in  the  other  varieties  of  carbonate  ores  which  have  been 
described.  On  p.  40  it  is  explained  how  ferrous  carbonate 
was  prt)duced  by  exposing  iron  to  the  joint  action  of 
atmospheric  air  or  oxygen,  moisture  and  carbonic  anhydride 
(CO2),  and  how  by  further  exposure  the  ferrous  carbonate 
was  again  decomposed,  with  the  deposition  of  hydrated 
ferric  oxide,  or  iron-rust.  Ferrous  carbonate  is  slightly 
soluble  in  water,  but  more  so  in  water  containing  free  car- 
bon-dioxide, and  this  solution  on  exposure  to  the  at- 
mosphere suffers  decomposition,  with  deposition  of  the 
hydrated  ferric  oxide  as  before  mentioned.  Ferrous  car- 
bonate is  also  decomposed  at  a  red  heat  in  the  absence  of 
air  or  oxygen,  with  the  production  of  red  oxide  of 
iron  and  the  liberation  of  carbon  dioxide  and  carbon 
monoxide  the  2FeC03  =  FegOg  +  CO  +  COo,  or  if  the  temper- 
ature be  higher  with  the  production  of  magnetic  oxide  of 
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iron  (Fe^OJ,  and  the  liberation  of  carbon-monoxide  (CO)  and 
carbon-dioxide,  thus :  3(FeC03)  =  Fe.jO^  +  200^  +  CQ. 

Compounds  of  Sulphur. — Several  sulphides  of  iron  are 
known.  The  direct  combination  of  sulphur  and  iron 
results  when  these  elements  are  brought  into  contact  under 
the  influence  of  heat,  the  combination  being  attended  with 
a  considerable  evolution  of  heat,  ferrous  sulphide  (FeS)  being 
formed. 

Ferrous  sulphide  (FeS)  is  the  ordinary  sulphide  of  iron 
of  commerce,  but  it  does  not  occur  free  in  nature.  »It  can 
be  prepared  artificially,  as  previously  mentioned,  by  the 
direct  union  of  sulphur  with  iron  at  a  red-heat ;  by 
heating  to  redness  ferrous  sulphate  in  a  charcoal-lined 
crucible  ;  by  the  ignition  of  hammer-scale  with  sulphur ; 
or  by  the  precipitation  of  a  ferrous  salt  by  an  alkaline 
sulphide.  As  artificially  prepared  by  the  dry  methods 
above  enumerated,  it  forms  a  dark  brown  or  black 
body,  having  a  semi-metallic  lustre.  It  is  not  sensibly 
affected  by  exposure  to  the  atmosphere  at  ordinary  tem- 
peratures ;  but,  if  heated,  as  in  the  operation  of  roast- 
ing, it  is  oxidised  and  ferrous  sulphate  and  ferric  oxide 
results.  At  a  higher  temperature,  the  ferrous  sulphate  is 
decomposed  with  the  production  of  ferric  oxide  (FcoOg)  and 
the  liberation  of  sulphur-dioxide  and  sulphur-trioxide.  When 
heated  with  carbon,  ferrous  sulphide  is  but  slightly  acted  upon ; 
when  heated  with  ferric  oxide,  part  of  the  sulphur  passes  off 
as  sulphur-dioxide,  but  there  is  no  reduction  of  metallic  iron. 
Ferrous  sulphide  is  not  affected  by  heating  with  silica  alone, 
but  if  carbon  be  also  present  the  ferrous  sulphide  is  largely 
decomposed. 

Iron  Pyrites. — Iron  disulphide  (FeSa)  is  a  familiar 
brass-yellow  mineral  occurring  in  many  forms,  having  a 
strong  metallic  lustre,  and  known  generally  as  yellow  iron 
pyrites,  cubic  pyrites,  or  mundic.  It  crystallises  in  the  cubic 
system,  good  crystals  being  quite  common.  It  also  occurs 
massive  in  vast  quantities,  and  is  largely  used  under  the  name 
of  sulphur  ore  for  the  manufacture  of  sulphuric  acid.  It  is 
of  no  use  directly  as  an  ore  of  iron,  but  the  residues  left  on 
burning  the  pyrites  in  the  manufacture  of  sulphuric  acid,  known 
as  blue  billy  or  burnt  ore,  or  after  the  copper  has  been  ex- 
tracted as  purple  ore,  are  used  in  the  ironworks.    Marcasite 
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or  white  iron  pyrites,  has  the  same  composition  as  iron  pyrites, 
from  which  it  difiers  by  its  pale  colour  and  its  different  crystal- 
line form.  Heated  without  access  of  air,  either  form 
of  disulphide  is  decomposed,  sulphur  being  evolved, 
and  a  sulphide  of  uncertain  composition  left:  2FeS3 
=  Fe2S3  +  S  or  FeS^  =  FeS  +  S.  In  presence  of  air  the 
sulphur  is  oxidised,  thus:  2FeS3  +  HO  =  FcoOg  +  4SO2 ; 
or  at  lower  temperatures,  FeS^  4-  60  =  FeSO^  4-  SOo,  the 
iron  sulphate  being  decomposed  on  further  heating.  Both 
pyrites  and  marcasite  are  oxidised  on  exposure  to  moist  air, 
various  products,  such  as  ferric  oxide  or  ferric  sulphate,  sul- 
phuric acid,  etc.,  being  formed.  Marcasite  oxidises  far  more 
readily  than  pyrites. 

Magnetic  pyrites  or  pyrrhotine  (FcaS^)  occurs  native, 
associated  with  the  ores  of  nickel  and  copper,  but  it  has  no 
special  metallurgical  importance. 

Iron  and  phosphorus  readily  unite  under  the  influence 
of  heat,  producing  grey  fusible  phosphides.  A  ferrous  phos- 
phide results  when  ferrous  phosphate  is  heated  to  a  high 
temperature  with  carbon. 

Of  the  various  phosphides  of  iron  that  can  be  prepared  by 
purely  chemical  methods  only  one — that  having  the  formula 
FcgP  and  containing  15*58  per  cent,  of  phosphorus,  is  of  any 
metallurgical  importance.  This  phosphide  dissolves  in  metal- 
lic iron,  and  if  there  be  less  than  about  1'7  per  cent,  of  phos- 
phorus, the  iron  will  retain  this  in  solid  solution.  The 
presence  of  such  phosphorus  tends  to  produce  crystals  of  large 
size.  If  the  quantity  of  phosphorus  be  above  1*7  per  cent., 
the  excess  of  phosphide  will  separate  as  a  definite  eutectic 
containing  about  10  per  cent,  of  phosphorus  and  melting  at 
about  980°  C.  This  eutectic  consists  of  the  phosphide  FcjjP 
and  metallic  iron,  and  of  course  can  be  detected  under  the 
microscope.  The  amount  of  phosphorus  than  can  be  held  in 
solution  is  very  much  modified  by  the  presence  of  other 
elements,  and  will  be  discussed  when  cast-iron  is  being 
considered.  When  iron  containing  phosphorus  is  treated 
with  hydrochloric  acid  a  portion  of  the  phosphorus  is 
eliminated  as  phosphoretted  hydrogen,  PH3. 

Eutectic. — When  an  alloy  of  two  or  more  metals  solidifies, 
changes  other  than  a  mere  solidification  usually  take  place, 
though  "the  exact  character  of  the  changes  will  depend  on  the 
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metals  present.  For  example,  assume  the  alloy  to  consist  of 
two  elements,  A  and  B,  the  quantity  of  B  being  larger  than 
A  can  retain  in  solution  in  the  solid  condition.  Then  as 
solidification  goes  on,  A  with  some  B  in  solution  will  solidify 
and  some  B  will  be  thrown  out,  so  the  mother  Uquor  is  growing 
constantly  richer  in  B.  At  last  a  point  is  reached  wheft  the 
two  constituents  of  the  mother  liquid  will  solidify  together. 
They  will  then  so  solidify,  not  as  one  substance,  but  as  layers 
or  masses  of  the  two  separate  substances,  forming  a  eutectic. 
The  eutectic  mixture  is  the  alloy  of  lowest  melting  point  of 
the  series.  In  structure  if  often  closely  resembles  pearlite. 
Though  pearlite  has  this  distinctly  eutectic  structure,  it  is 
not  a  eutectic,  because  it  is  not  formed  during  solidification, 
but  after  the  metal  has  actually  became  solid. 

Iron  and  Silicon. — Silicon  and  iron  unite  in  various  pro- 
portions, and  definite  silicides  are  known.  The  siUcide  dis- 
solves readily  in  metallic  iron,  and  when  sihcon  is  present  in 
an  iron  it  is  present  in  solid  solution  in  the  ferrite,  and  there- 
fore cannot  be  detected  by  the  microscope.  Silica  is  always 
present  in  furnace  charges,  and  being  partially  reduced  at 
the  temperature  of  the  furnace,  silicon  passes  into  the  iron. 
There  does  not  seem  to  be  a  definite  limit  as  to  the  quantity 
of  silicon  which  can  be  taken  up  under  suitable  conditions. 
Irons  containing  15  per  cent,  or  more  of  silicon  are  regu- 
larly made. 

Silica  and  ferrous  oxide,  or  ferric  oxide,  in  presence  of 
reducing  agents,  unite  readily,  forming  ferrous  silicates.  Of 
the  silicates  the  most  fusible  and  probably  the  most  stable  is 
the  monosilicate  (2FeO,  SiOg),  FcgSiO^.  This  is  fusible  at  a 
bright  red  heat,  and  solidifies  to  a  black,  more  or  less  glassy 
mass.  It  constitutes  a  large  proportion  of  the  slags  pro- 
duced in  puddhng  and  similar  operations,  and  in  the  smelting 
of  lead  and  copper  ores  in  the  blast  furnace.  When  this  siUcate 
is  roasted  with  free  access  of  air,  it  is  broken  up  into  ferric 
oxide  and  silica  (FcgSiO^  +  0  =  FcgOg  +  SiOg),  and  as  these 
do  not  unite,  a  refractory  mixture  called  Bull  Dog  results. 
In  a  reducing  atmosphere,  however,  the  ferric  oxide  is  reduced 
to  the  ferrous  condition,  and  the  fusible  silicate  is  reproduced. 
The  silicates  containing  less  iron,  such  as  the  bisilicate 
(FeO,Si02),  FeSi03,  ^^®  rarely  produced  in  metallurgy. 

Iron  and  nitrogen  unite  to  form  two  or  more  distinct 
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nitrides  of  iron.  When  iron-wire  is  heated  to  redness  for 
some  hours  in  a  current  of  dry  ammoniacal  gas,  the  wire  so 
treated  is  stated  to  gain  slightly  in  weight,  to  be  more  brittle, 
and  less  alterable  by  exposure  to  the  atmosphere  than  pure 
iron,  and  to  become  also  whiter  in  colour ;  Savart  says  that 
after  attaining  to  this  condition,  if  it  be  longer  exposed  to 
the  ammoniacal  vapour,  the  metal  assumes  a  dark-grey 
colour,  becomes  «oft,  has  a  graphitic  fracture,  and  will  not 
harden  in  water.  The  evidence  as  to  the  exact  increase 
in  weight  of  the  iron  by  the  above  treatment  h  very  con- 
tradictory, the  statements  ranging  between  0*2  to  12  or 
13  per  cent.,  and  from  such  evidence  it  is  impossible  to  state 
whether  nitrogen  does  or  does  not  play  any  important  part 
in  the  process  of  cementation  for  the  conversion  of  bar- 
iron  into  blister-steel. 

Whether  nitrogen  exists  in  combination  in  iron  is  very  un- 
certain. Nitrogen  can  usually  be  obtained  from  iron,  but  it 
is  probably  present  merely  in  the  form  of  dissolved  gas.  At 
any  rate,  it  does  not  appear  to  have  any  influence  on  the 
quality  of  the  metal. 

Alloys. — ^Iron  and  many  of  the  other  metals  unite  with 
great  facility  to  form  alloys  ;  thus,  for  instance,  when  the 
ores  of  iron  and  of  a  second  metal  are  simultaneously  reduced, 
an  alloy  of  the  two  metals  often  results,  though  with  but  few 
exceptions  these  alloys  are  without  commercial  importance. 

Manganese  is  a  constant  constituent  of  pig-iron  and  of 
steel,  and  the  metals  seem  to  alloy  in  all  proportions.  Spie- 
geleisen  is  a  pig-iron  containing  from  8  to  30  per  cent,  of 
manganese,  and  is  a  regular  article  of  conimerce ;  whilst  alloys 
known  as  ferro -manganese,  containing  from  80  to  85  per 
cent,  of  manganese,  are  manufactured  in  large  quantities 
for  use  in  the  production  of  mild  steel,  by  the  Bessemer  and 
Siemens  processes.  The  presence  of  manganese  in  iron  ores 
favours  the  elimination  of  sulphur  from  the  pig-iron  produced 
from  such  ores. 

Timgsten  and  iron  unite  readily,  when  tungsten  is  re- 
duced from,  its  compounds  by  carbon  in  the  presence  of 
metallic  iron,  but  a  very  high  temperature  is  required  for 
the  reduction. 

Chromium  alloys  with  iron,  producing  ferrochrome, 
which  is  now  made  on  a  large  scale,  containing  up  to  about 
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65  per  cent,  of  chromium.  This  alloy  is  used  in  the  pre- 
paration of  chrome  steel. 

Copper  does  not  readily  unite  with  iron  to  produce  a 
homogeneous  alloy  by  the  simple  fusion  of  any  mixture  of 
the  two  metals,  but  if  iron  be  added  in  small  quantities  to 
brass  or  bronze  in  a  state  of  fusion  it  is  readily  taken  up,  and 
the  resulting  alloy  has  a  higher  tensile  strength  than  the 
original  brass.  Copper  in  small  quantities  does  not  seem  to 
have  any  injurious  influence  on  iron,  whether  it  is  to  be  used 
in  the  foundry  or  for  steel  making. 

Zinc  and  iron  yield,  when  heated  together,  more  or  less 
crystalline,  brittle,  and  friable  alloys,  which,  however,  are 
without  practical  application  to  the  arts,  and  are  more  properly 
zinc  alloys,  since  about  7  per  cent,  is  the  maximum  amount  of 
iron  that  molten  zinc  will  take  up  ;  but  the  manufacture  of 
galvanised  or  zinced  plates — ^that  is,  steel  plates  coated  with 
a  thin  layer  of  zinc,  or  with  an  alloy  of  zinc  and  iron — ^is  now 
in  itself  an  important  industry.  Galvanised  plates,  whilst 
possessing  the  strength  due  to  the  steel,  are  not  so  readily 
affected  on  exposure  to  atmospheric  influences  by  rusting 
or  corrosion,  so  long  as  the  zinc  coating  remains  intact. 

Tin  and  iron  unite  when  heated  together,  and  produce  grey 
or  white  alloys,  which  are  harder  than  tin,  and  break  with  a 
crystalline  or  granular  fracture.  Alloys  of  the  two  metals 
in  almost  any  proportions  may  be  obtained,  but  like  the  alloys 
of  zinc,  they  are  also  without  practical  application  to  the  arts, 
but  a  layer  of  metallic  tin  is  readily  applied  to  an  iron  or 
steel  surface  as  in  the  manufacture  of  tin  plates.  Small  quan- 
tities of  tin  in  malleable-iron  or  steel  render  it  cold-short,  and 
also  only  workable  with  great  care  even  at  a  red -heat,  the 
metal  being  brittle  and  difl&cult  to  weld. 

Antimony  can  be  readily  alloyed  with  iron,  but  its  presence 
in  wrought-iron,  to  the  extent  of  only  0*2  or  0*3  per  cent.,  is 
sufficient  to  render  the  iron  both  red-short  and  cold-short. 

Nickel  alloys  readily  with  iron,  by  the  direct  fusion  of  the 
two  metals,  or  by  reducing  a  mixture  of  their  oxides.  The 
presence  of  nickel  in  iron  does  not  affect  its  malleability,  but 
the  alloy  is  whiter  in  colour  than  pure  iron,  is  not  so  easily 
affected  by  exposure  to  air  or  moisture,  and  takes  a  better 
polish  than  iron.  A  native  alloy  of  nickel  and  iron  with  other 
metals  occurs  in  the  meteoric  masses  which  are  occasionally 
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found.  Steel  containing  a  considerable  percentage  of  nickel 
is  now  regularly  made. 

Cobalt  also  readily  alloys  itself  with  iron,  producing 
similar  alloys  to  those  last  described ;  small  quantities  do 
not  produce  any  material  alteration  in  the  physical  or  working 
qualities  of  the  iron  or  steel. 

Lead  does  not  appear  to  unite  with  iron  when  the  two 
are  melted  together,  and  no  satisfactory  alloy  has  been  described 
of  these  metals. 

Aluminium  yields,  with  iron,  alloys  of  various  composi- 
tion, and  the  alloy  known  as  ferro -aluminium  is  used  to  some 
extent  in  steel  making. 

Silver  does  not  appear  to  unite  with  iron  when  melted 
along  with  it,  for  when  the  mixture  cools  the  silver  is  found 
to  have  separated  throughout  the  mass,  and  not  to  have 
produced  any  homogeneous  alloy. 

Gold  alloys  itself  readily  with  iron,  upon  simple  fusion 
together  of  the  two  metals,  the  alloy  being  harder  than  malle- 
able iron. 

Platinum  alloys  with  iron  without  difficulty,  the  melting- 
point  of  the  alloy  being  below  that  of  steel.  Steel  containing 
1  per  cent,  of  platinum  is  tough,  fine-grained,  tenacious,  and 
ductile.  Similar  alloys  are  also  obtainable  by  the  substitu- 
tion of  small  quantities  of  the  rarer  metals  palladium  and 
rhodium. 
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CHAPTER   V; 

CAST-IRON  OR  PIG-IRON; 

PiQ-iRON  is  the  product  formed  by  treating  iron  ores  with 
fuel  and  fluxes  in  the  blast  furnace.  It  is  an  impure  iron 
containing  carbon,  silicon,  sulphur,  phosphorus,  manganese, 
and  often  with  smaller  quantities  of  other  metals,  such  as 
arsenic,  titanium,  copper,  chromium,  etc. 

Owing  to  the  high  temperature  of  the  blast  furnace  the 
iron  always  takes  up  nearly  the  maximum  amount  of  carbon 
and  the  other  constituents,  which  are  of  course  derived  from 
the  ore,  fluxes,  or  fuels  employed  in  the  smelting  operation. 
Of  these,  carbon  and  silicon  may  be  regarded  as  being  essen- 
tials, since  they  are  always  present,  and  without  them  the 
iron  would  not  be  pig  iron,  whilst  the  other  elements  present 
in  smaller  quantities  in  ordinary  pig  iron  are  not  essential. 

Pig  irons  vary  very  widely  in  composition  and  in 
properties.  Indeed,  the  only  points  in  common  are  the 
method  of  production  and  the  invariable  presence  of  carbon 
and  silicon.  Apart  from  these  they  might  be  considered 
as  different  metals,  so  much  do  they  differ  in  properties. 

Pig-iron  is  thus  essentially  iron  containing  from  2  to  4*5 
per  cent,  of  carbon,  existing  partly  in  chemical  combination 
with  the  iron,  and  partially  as  mechanically-distributed  un- 
combined  or  graphitic  carbon,  and  on  the  relative  proportion 
of  the  two  forms  of  carbon  depends  the  most  striking 
difference  between  the  varieties.  When  a  pig-iron  containing 
most  of  its  carbon  in  the  form  of  graphite  is  broken,  the 
fracture  is  dark  grey,  or  nearly  black,  in  colour,  and  shows 
distinct  flakes  of  graphite  and  is  called  a  grey  iron ;  on  the 
other  hand,  if  most  of  the  carbon  is  present  in  combination, 
the  fracture  is  silver-white  in  colour,  granular  but  not  largely 
crystalline,  showing  no  trace  of  graphite,  and  the  iron  is 
said  to  be  white. 

In  the  greyest  iron  the  carbon  is  almost  wholly  uncom- 
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billed,  whilst  in  the  hardest  white  iron  it  is  almost 
entirely  combined.  Upon  the  relative  proportions  of  the 
two  forms  of  carbon,  modified  by  the  presence,  mode  of 
occurrence,  and  varying  proportions  of  the  foreign 
elements  above-mentioned,  depend  the  wide  variations  in 
the  colour,  hardness,  strength,  fusibility,  specific  gravity, 
behaviour  when  treated  with  acids,  and  adaptability  of  tne 
metal  to  special  purposes  ;  but  in  all  its  varieties  it  differs 
from  malleable -iron  and  st^el  by  an  almost  total  absence 
of  ductility,  in  being  unforgeable  and  unweldable ;  it  is 
also  more  brittle,  not  so  tough,  and  is  usually  harder 
than  malleable-iron.  The  greyest  iron  corresponds  to  the 
largest  proportion  of  graphitic  carbon,  and  the  larger 
the  proportion  of  grapMte  the  weaker  is  the  metal.  The 
graphite  is  distributed  through  the  iron  in  the  form  of  very 
thin  plates,  with  their  long  axes  nearly  at  right  angles  to  the 
surfaces  of  cooling,  so  that  when  the  pig  is  broken  the  fracture 
is  determined  along  the  cleavage  planes  of  the  graphite,  which 
makes  the  graphite  appear  more  prominent  than  its  per- 
centage would  seem  to  warrant.  White  iron  corresponds  to 
the  condition  of  the  largest  proportion  of  combined  carbon. 
Between  the  two  extremes,  the  gradation  is  more  or  less 
gradual,  although  at  a  certain  intermediate  stage  the  metal 
exhibits  white  iron  dispersed  through  a  matrix  of  grey,  such 
metal  being  described  as  mottled  pig-iron. 

Pig-iron,  in  cooling  from  a  state  of  fusion,  crystallises 
in  octahedral  crystals ;  the  dominating  form  of  crystals 
being  the  octahedron  or  the  cube,  but  crystals  are  diflB.- 
cult  to  obtain.  The  specific  gravity  of  pig-iron  varies  from 
about  7*2  in  grey  to  about  7*5  in  white  iron. 

Pig-iron  is  usually  found  in  commerce  in  the  form  of 
oblong  blocks  or  pigs  of  D  section,  about  3  ft.  long,  and 
weighing  about  1  cwt.,  the  metal  being  run  direct  from 
the  blast  furnace  into  open  grooves  or  channels  of  the  above 
section,  formed  in  the  sand  of  the  pig-bed  in  front  of  the 
furnace. 

The  various  qualities  of  pig-iron  as  delivered  from  the 
blast  furnace  are  distinguished  by  marks  or  numbers  in- 
dicating the  grade  or  quality,  and  the  purposes  to  which  they 
are  applicable.  The  pig-iron  produced  from  the  same  ores  is 
broadly  described  as  grey,  mottled,  or  white  iron,  according 
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to  the  appearance  of  the  fracture,  but  each  variety  is 
again  further  classified.  Thus  in  the  Cleveland,  in  S»otland, 
and  in  the  Midlands  district,  according  to  the  colour,  strength, 
and  general  appearance  of  the  fracture  of  a  freshly  broken 
pig,  foundry  pig  is  described  as  being  of  No.  1,  No.  2,  No.  3, 
No.  4,  or  No.  4  forge  ;  whilst  in  Lancashire  the  No.  4  forge,  or 
strong  forge  of  the  Cleveland  district,  is  represented  by  V, 
whilst  the  other  numbers  or  grades  are  designated  by  the 
Bame  aeries  of  numbers  in  the  two  districts.  In  America 
Nob.  1  to  10  are  used,  No.  1  being  the  greyest,  but  three 


Fig.  13. — Pig-iron  No,  1  Fracture. 

highly  siliceous  or  silver  grey  irons,  which  are  not  included 
in  the  classification  used  in  this  country,  are  inserted  between 
our  numbers  3  and  4.  In  all  cases  No.  1  mottled  and  white 
are  the  same,  the  difference  being  in  the  arrangement  of  the 
intermediate  numbers  or  in  the  introduction  of  other  grades. 
The  grading  is  based  entirely  upon  the  appearance  of  the 
fractures  when  the  pigs  are  broken.  Though  this  method  of 
classifying  pig-irons  ia  in  general  use,  it  is  most  unsatisfactory  : 
(1)  because  there  is  no  absolute  standard  to  which  each  grade 
must  conform,  and  (2)  because  the  fracture  may  depend  on 
other  conditions  beside  the  actual  chemical  composition  of 
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the  metal.  At  pieeent  no  perfectly  satisiactoiy  substitute 
lias  been  found.  The  following  are  the  properties  usually 
ascribed  to  the  various  grades. 

No.  1,  No.  2,  and  No.  3  grades  of  pig-iron  are  especially 
applicable   to'  foundry    purposes    and    for    special    casting ; 


Fig.  II.— HEsmatite  Iron  No.  1 


Fig.  16. — Cleveland  Iron  No.  1  Micro  Section. 
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No.  i  is  available  ior  foundry  purpoBes,  especialiy  when 
mixed  with  softer  irons ;  No.  4  Forge  or  V  is  only  ap- 
plicable for  conversion  into  malleable -iron  in  the  puddling 
furnace.  The  market  value  of  the  several  grades  thus  de- 
creases from  Ko.  1  to  No.  4,  the  higher  numbei  being  the 
cheaper  iron. 

No,  1  pig-iron  is  the  darkest  grey ;  its  fracture  is  largely 
crystalline  and  presents  numerous  graphitic  planes  (Fig.  13). 
It  contains  the  maximum  proportion  of  graphite,  is  the  most 
readily  fusible,  is  deficient  in  hardness  and  strength,  and  the 
pig  breaks  with  a  dull  leaden  sound,  indicating  but  little 
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tenacity.  This  metal  ia  used  for  the  finest  and  most  accurate 
castings,  where  great  strength  is  not  required.  The  surface  of 
the  molten  metal  is  dark  and  sluggish -looking,  not  giving  ofi 
sparks  and  splashes,  and  as  it  cools  in  mass  a  thick  scum 
or  dross  separates  on  its  surface. 

Under  the  microscope  No.  1  iron  is  seen  to  consist  of  a 
ground  mass  of  fenite  (in  this  case  silicon  feirite),  scattered 
through  which  are  large  plates  of  graphite  and  very  small 
particles  of  pearlite ;  the  latter,  however,  can  only  be  made 
out  under  high  magnification.  If  the  iron  is  a  foundry  pig, 
and  therefore  contains  a  considerable  quantity  of  phosphorus, 
the  phosphide  eutectic  will  also  be  seen  as  the  portion  which 
soUdified  last. 
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No.  2  pig-iron  ia  lighter  in  colour  than  No.  1  ;  usually 
the  Buiface  of  the  pig  is  smoother,  it  is  finer  in  grain,  more 
regular  in  fracture,  and  is  a  little  haider  and  stronger  than 
No.  1,  but  is  not  quite  so  fluid  when  in  the  molten  state. 
The  surface  of  the  molten  metal  is  of  a  clearer  red  than  No.  1, 
and  it  flows  from  the  founders'  ladle  in  large  sheets,  splashing 
a  httle,  and  its  surface  exhibits  as  it  cools  a  series  of  lines 
or  figures  ever  varying  as  though  the  surface  were  in  circu- 
lation, such  appearances  continuing  until  the  metal  becomes 
pasty.  A  scum  rises  to  the  surface  of  molten  No.  2  pig-iron, 
but  not  to  the  same  extent  as  in  No.  1. 


Vig.  17.— Pig-iron  No,  3  Fracture. 

No.  3  pig-iron  is  still  lighter  in  colour,  the  crystals  are 
much  smaller,  the  fracture  smoother,  more  compact  and 
dense -looking  ;  it  is  also  much  harder,  stronger,  and  tougher 
than  the  lower  numbers,  and  is  consequently  largely  used 
in  conjunction  with  scrap  for  the  large  castings  required  in 
structural  ironwork,  the  usual  speciiication  test  for  which 
is  that  a  bar,  2  in.  deep  by  1  in.  in  width,  supported  upon 
3-ft.  centres,  shall  not  break  with  a  less  weight  than  28  cwt. 
applied  at  centre ;  although  some  engineers  will  accept  a 
load  of  24  cwt.,  whilst  others  specify  32  cwt.  as  the  breaking 
load;    but  this  latter  is  extremely  difficult  to  obtain  with 
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otdisary  liot-blaBt  pig-iron.  No.  3  pig-iron  contains  less 
graphite  than  No.  1  or  No.  2,  and  has  not  the  same  fluidity 
when  melted,  whilst  the  molten  metal  throws  ofE  sparks 
abundantly  as  it  is  poured  from  the  foundry  ladle,  and  its 
surface  is  freer  from  scum  than  either  of  the  lower  numbers, 
but  the  surface-figuring  spoken  of  with  respect  to  No.  2  is 
much  less  distinctly  seen  with  the  metal  of  Ko.  3  grade. 

No.  4  iron  is  stronger  than  those  previously  described ; 
it  is  whiter  in  colour,  more  lustrous,  has  a  granular,  uneven, 
and  more  or  leas  mottled  appearance  on  fracture ;    it  la  not 


Fig.  18.— White  Iron  Fractore. 

nearly  so  fluid  when  melted  aa  the  lower  numbers,  whilst 
the  surface  of  the  molten  metal  appears  hotter,  and  the 
metal  throws  out  ahowers  oE  sparks  as  it  is  poured  from  the 
casting  ladle.  It  is  used  only  for  the  heaviest  classes  of 
foundry  work,  and  is  quite  unsuitable  for  small,  light,  oi 
ornamental  castings. 

No.  4  Forge,  strong  forge-pig  or  V,  approaches  to  white- 
Bees  in  colour,  being  harder  and  also  lighter  in  colour  than 
the  last.  This  number  presents  a  duD  and  more  flaky  appear- 
ance on  fracture,  and  ia  only  available  for  conversion  into 
malleable  or  wrought-iron  by  the  puddling  process ;   for  in 
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melting  it  passes,  previous  to  complete  fusion,  through  an 
intermediate  pasty  condition  particularly  favourable  for  its 
decarburisation  in  the  puddling  furnace,  and  with  leaa  loss 
of  iron  than  if  the  metal  were  in  a  more  perfectly  fluid  &tat«. 
White  iron  is  hard  and  brittle,  and  breaks  with  a  white 
crystalline  fracture,  showing  no  flakes  of  graphite.  When 
melt«d  it  yields  a  pasty  liquid  which  does  not  flow  freely,  bo 
that  it  is  no  use  for  foundry  work.  Under  the  microscope  it 
is  seen  to  consist  of  portions  of  pearlite  surrounded  by  a 
ground  mass  of  the  hard  cementite. 


Fi^.  19.— White  Iron  Micro  Section. 

Uottled  iron  consists  of  a  mass  of  white  iron  scattered 
through  which  aie  particles  of  varying  size  of  grey  iron. 

Grey  iron  is  more  fluid  when  melted  than  white  iron,  but 
it  requires  a  higher  temperature  for  ite  fusion ;  grey  iron  melts 
at  a  temperature  of  about  1,600°  C.  or  1,700°  C.  (2,912°  P.  to 
3,452°  F.),  and  white  iron  at  a  temperature  of  from 
1,400°  C.  to.  1,500°  C.  (2,532°  F.  to  2,732°  P.).  White 
iron  contracts  in  passing  from  the  liquid  to  the  solid  state, 
and  it  passes  through  a  soft,  pasty  condition  before  com- 
plete fusion  occurs,  as  also  through  a  similar  condition  in 
assaming  the  solid  state  after  fusion ;  and  these  qualities 
adapt  it  for  the  processes  of  dry  puddling  by  which  it  is 


62 


IRON. 


converted  into  malleable-iron,  but  render  it  unfit  for  foundry 
use.  Grey  iron,  on  the  other  hand,  passes  during  fusion 
directly  from  the  solid  to  the  fluid  state,  and  vice  versd,  and  it 
also  expands  at  the  moment  of  its  solidification  from  the  fluid 
state,  thus  insinuating  itself  into  the  finest  lines  of  the  moulds 
in  which  it  is  contained.  Hence  grey  pig-iron  is  in  request, 
more  especially  for  the  production  of  light  ornamental 
and  intricate  castings,  so  that  it  has  thus  become  usual  to 
speak  of  the  softer  grades  of  pig-iron  as  foundry  pig,  iu 
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contradistinction  to  the  harder  and  whiter  varieties,  which 
are  described  as  forge  qualities. 

Pig-  or  cast-iron  is  decomposed  when  exposed  to  the 
action  of  sea -water,  so  that  in  time  it  will  be  left  as  a  soft 
porous  mass,  having  its  original  form,  and  being  in  some 
instances  spontaneously  inflammable  after  careful  drying. 

Grey  cast-iron,  if  not  too  grey,  is  converted  into  white  iron 
by  sudden  cooUng,  as  in  the  familiar  process  of  chill  casting, 
where  by  pouring  the  fluid  metal  into  metallic  moulds  the 
heat  is  rapidly  withdrawn  from  the  surface  of  the  casting, 
which  is  thus  converted  into  hard  white  iron,  whilst  the  body 
of  the  casting  remains  grey  iron  ;  the  depth  and  degree 
of  the  chilling  or  whitening  depend  upon  the  thickness,  etc.« 
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of  the  mould  and  the  chftracter  of  tlie  iron.  The  Sat  plates 
or  pigs  of  Swedish  pig-iron  commonly  present  on  fracture  a 
white  skin,  with  a  grey  interior,  produced  by  the  Swedish 
practice  of  running  the  pig  metal  into  cast-iron  open  moiilds. 
In  white  iron  produced  by  the  chilUng  of  grey  iron,  the  car- 
bon in  the  chilled  surface  has  largely  teroained  in  the  com- 
bined form  instead  of  passing  into  the  graphitic  form  as  in 
the  grey  metal.  Molten  pig-iron  ia  a  solution  of  various 
substances  in  liquid  iron,  and  the  form  these  assume  in  the 
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solidified  metal  depends  partly  upon  the  manner  of  cooling, 
both  before  and  after  soli<&fication  ;  since  even  after  soUdifica- 
tion,  but  whilst  the  mass  ia  still  at  a  red  heat,  it  is  possible  to 
alter  the  nature  of  the  metal,  as  by  tempering,  cementation, 
or  sudden  cooling. 

When  a  mass  of  very  grey  iron  is  allowed  to  cool  slowly  from 
a  state  of  fusion,  as  in  the  case  of  the  molten  metal  standing 
in  a  foundry  ladle,  a  scum  or  kish  rises  to  the  surface,  which 
consists  largely  of  graphitic  matter ;  hence  fluid  cast-iron  b 
capable  of  holding  a  larger  amount  of  carbon  in  solution  than 
metal  cooled  more  slowly  from  a  state  of  fusion  can  retain. 
The  scum  or  kish  may  contain  as  much  as  0*22  per  cent, 
of  Bulphur  and  5' 19  per  cent,  of  manganese,  the  relative 
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proportions  of  these  elements  in  the  pig-iron  being  at  the 
same  time  0*05  and  2*62  per  cent,  respectively. 

Hot-blast  pig-iron,  owing  to  the  higher  temperature  of 
the  furnace  during  its  production,  is  usually  more  siliceous 
than  cold-blast  pig,  smelted  from  the  same  or  a  similar  mix- 
ture of  ores,  and  from  the  same  cause  also  grey  pig-iron  is 
more  siliceous  than  white  iron. 

Pig-iron  is  soluble  in  acids,  but  leaves  an  insoluble  residue, 
of  siHcon,  graphite,  etc.  The  whole  of  the  graphite  is  in  the 
residue,  but  the  combined  carbon  escapes  with  the  evolved 
hydrogen. 

The  strength  of  cast-iron  varies  with  the  chemical  com- 
position, the  mode  of  production  whether  by  hot-blast  or 
cold-blast,  mode  of  treatment  after  leaving  the  blast  furnace, 
etc. ;  thus  cold-blast  iron  is  stronger  than  hot-blast  from 
the  same  ores.  Annealing  diminishes  the  strength  of  cast- 
iron  ;  the  presence  of  siUcon  beyond  certain  limits  impairs 
its  tensile  strength,  and  any  considerable  amount  of  phosphorus 
weakens  it  considerably.  Repeated  re-melting  was  con- 
sidered to  improve  the  quahty  and  strength  of  cast-iron,  but 
whether  this  is  so  or  not  depends  on  the  composition  of  the 
iron.  Grey  cast-iron  is  usually  rendered  stronger  after  each 
re-melting  for  a  certain  number  of  meltings,  after  which  it 
becomes  weaker  by  continued  re-melting. 

The  tensile  strength  of  pig-iron  varies  between  5  and 
14  tons  per  sq.  in.  of  section,  but  the  average  of  good 
cast-iron  is  about  8  tons.  The  transverse  and  torsional 
strength  of  pig-iron  is  low,  each  varying  between  1*5  and 
4*5  ton  per  sq.  in. ;  and  it  has  an  average  shearing  strength 
of  12.  tons  per  sq,  in.  ;  whilst  its  crushing  strength  ranges 
from  35  to  90  tons  per  sq.  in.  of  section,  the  average 
strength  of  good  sound  specimens  being  from  50  to  60 
tons  per  sq.  in.  Owing  to  the  high  strength  of  cast-iron 
under  a  crushing  or  compressive  stress,  this  metal  is 
usually  employed  for  columns,  struts,  etc.,  and  but 
rarely  in  structural  members  subject  to  torsional,  ten- 
sional,  or  transverse  stresses.  Cast-iron  is  thus  stronger 
than  wrought-iron  in  compression,  but  much  weaker 
in  tension  ;  and  within  a  limited  range  of  stress  it  is  tougher, 
or  permits  of  a  greater  degree  of  deformation  than  wrought- 
iron,  but  its  range  of  deformation  is  not  large ;   hence  it  is 
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not  80  safe  as  wrought-iron  when  subject  to  suddenly  applied 
stresses. 

Influence  of  Various  Constituents  on  Pig-iron. — Since 
pig-iron,  must  owe  its  characters  to  the  various  constituents 
which  are  present  in  it,  it  becomes  essential  to  study  the 
influence  of  each  of  these  separately. 

Carbon  is,  of  course,  the  essential  constituent,  and  it, 
as  pointed  out  in  the  last  chapter,  can  exist  in  two  forms — as 
graphite  and  as  combined  carbon. 

Graphite  is  simply  an  intermixed  constituent,  and  there- 
fore can  only  influence  the  quality  of  the  iron  as  any  other 
intermixed  substance  would  do.  Graphite  occurs  in  flakes  of 
varying  size,  and  as  these  flakes  have  a  very  perfect  cleavage 
they  have  little  strength,  and  the  presence  of  them  must  neces- 
sarily weaken  the  iron.  Por  this  reason  very  grey  irons  are 
always  weak.  Not  only  is  the  actual  amount  of  ^aphite  of 
importance,  but  the  size  of  the  flakes  also  has  an  influence.  A 
very  grey  iron,  with  large  flakes  of  graphite,  will  be  said  to 
be  an  "  open  "  iron,  and  will  be  weak  ;  whilst  an  iron  with 
the  same  percentage  of  graphite,  but  in  which  the  flakes  are 
much  smaller,  will  be  a  "  close  "  iron,  and  will  be  considerably 
stronger.  The  terms  "  open "  and  "close "  relate  to  the 
appearance  of  the  fracture  of  the  pig,  and  depend  more  on 
the  size  of  the  graphite  flakes  than  on  the  actual  amount  of 
graphite  present. 

Combined  carbon  is  of  much  more  importance.  It  is 
present  as  the  carbide  FcgC,  always  united  with  some  of  the 
ferrite  so  as  to  form  pearlite.  As  the  carbide  is  very  hard  and 
strong,  its  presence  increases  the  hardness  and  strength  of  the 
metal.  Indeed,  the  strength  of  pig  largely  depends  on  the 
amount  of  combined  carbon  present.  Turner  gives  for 
extra  soft  iron,  0*08  per  cent.  ;  soft  iron,  0*15  per  cent. ; 
maximum  tensile  strength,  0*47  per  cent. ;  maximum  trans- 
verse strength,  0*70  per  cent. ;  maximum  crushing  strength, 
over  rOO  per  cent. 

Silicon  is  always  present  in  pig-iron.  From  its  similarity 
to  carbon  it  was  once  thought  that  it  might  exist  in  two  forms 
— a  graphitic  and  a  combined  form — but  all  attempts  to 
obtain  a.  graphitic  form  of  silicon  have  failed,  and  it  may  safely, 
be  said  that  silicon  in  iron  always  exists  in  the  combined  form. 
It  is  probably  present  as  a  silicide,  but  this  dissolves  in  the 
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excess  of  iron,  so  that  the  presence  of  silicon  is  not  detectable 
under  the  microscope ;  and  when  silicon  is  present  the  ferrite 
— that  is,  the  iron  ground  mass,  is  often  called  silicon-ferrite. 

Silicon  has  a  two-fold  influence  on  iron.  Its  direct  in- 
fluence is  to  harden  the  iron,  but  to  a  much  less  extent  than 
carbon.  Its  indirect  action  is  far  more  important.  It  has  a 
tendency  to  prevent  carbon  remaining  in  the  combined  con- 
dition, and  to  throw  it  out  in  the  form  of  graphite.  Silicon, 
when  added  to  iron,  therefore  becomes  a  softening  agent. 
By  its  own  direct  action  it  no  doubt  hardens  the  metal,  but 
by  its  indirect  action  of  throwing  the  carbon  out  of  combina- 
tion it  softens  it  far  more  than  it  hardens  it  directly. 

Silicon  thus  becomes  the  dominating  element  in  pig  iron, 
the  forms  in  which  the  carbon  exists  largely  depending  on  the 
quantity  of  silicon  which  is  present.  It  is  absolutely  neces- 
sary to  understand  this  dual  action  of  silicon,  if  the  variations 
in  the  character  of  pig  iron  by  modifications  in  treatment  are 
to  be  understood. 

The  influence  of  silicon  on  pig-iron,  or  rather  on  iron  con- 
taining carbon,  has  been  investigated  by  Professor  Turner,  of 
Birmingham,  and  his  classical  research  is  the  basis  of  all  that 
has  been  done  since.  He  found  that  for  any  important 
property  of  iron  to  exist  in  the  highest  degree  the  presence  of 
a  certain  quantity  of  silicon  was  essential,  the  amount  vary- 
ing with  the  property  under  investigation. 

The  following  table  sums  up  the  results  of  his  work,  and 
shows  the  amount  of  silicon  necessary  : — 

For  Maximum  Hardness 

„  Crushing  Strength  . 

„  Modulus  of  Elasticity     . 

„  Density  in  Mass 

„  Tensile  Strength 

„  Softness     and     General 

Working  Properties 
For  Lowest  Combined  Carton 

In  all  cases  the  property  under  investigation  fell  off  rapidly 
from  the  maximum  as  the  amount  of  silicon  was  exceeded. 
The  curves  in  Fig.  20  show  graphically  Professor  Turner's 
results  for  crushing  strength,  tensile  strength,  and  modulus 
of  elasticitv. 

Sulphur  is  present  in  pig-iron  generally  to  the  extent  of 
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a  few  hundredtliB  per  cent,  only ;  thua  the  pig-iron  smelted 
from  clay  ironstones  without  any  admixture  of  cinder  usually 
contains  from  0"02  to  O'l  per  cent,  of  sulphur  ;  but  in  smelting 
for  common  forge-pig  in  South  Wales,  cinder  is  sometimes 
added  to  the  furnace  charge,  and  the  sulphur  may  reach 
as  mucli  as  0-7  per  cent.  The  percentage  of  sulphur 
in  pig-iton  generally  increases  with  the  number  or  grade 


of  the  metal.  Pig-iron  containing  upwards  of  0'03 
per  cent,  of  sulphur  is  unsuitable  for  conversion  into  steel, 
because  the  sulphur  is  not  removed  in  the  process,  and  there- 
fore produces  a  steel  that  is  red-ahort.  For  foundry  pur- 
poses small  percentages  of  sulphur  tend  to  harden  the  metal 
and  increase  its  tensile  strength ;  hence  the  practice  in 
Sweden  of  occasionally  adding  small  quanti  ies  of  pyrites 
to  the  furnace  charge  when  melting  pig-iron  for  ordnance 
purposes.  Under  ordinary  circumstances,  if  the  silicon  he 
high,  the  sulphur  will  be  low. 
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The  effect  of  sulphur  upon  pig  iron  is  exactly  the  opposite 
of  that  of  silicon ;  that  is,  it  tends  to  throw  the  carbon  into 
the  combined  condition,  and  thus  to  harden  and  whiten  the 
metal.  A  small  quantity  of  sulphur  can  thus  neutralise  the 
action  of  a  considerable  quantity  of  silicon,  and  white  irons 
fairly  high  in  silicon  can  be  obtained.  When  the  quantity  of 
sulphur  is  over  a  few.  tenths  per  cent,  the  sulphide  may  separate 
on  cooling.  Good  foundry  iron  should  never  contain  more 
than  '15  per  cent,  of  sulphur. 

Phosphorus  is  always  present  in  pig-iron.  It  t^nds  to  make 
the  fracture  more  largely  crystalline,  and  if  prfesent  in  large 
quantity  it  reduces  the  tensile  strength  of  the  iron  ;  but 
in  proportions  up  to  0*5  or  0*75  per  cent,  it  is  doubtful  whether 
it  has  any  decided  influence  upon  the  tensile  strength  of 
cast-iron,  whilst  1*5  per  cent,  of  phosphorus  produces  a  pig- 
iron  which  is  decidedly  weak. 

Phosphorus  makes  the  iron  more  fluid,  and  therefore 
facilitates  the  making  of  good  castings.  For  foundry  pur- 
poses iron  with  a  considerable  percentage  of  phosphorus  is 
usually  selected.  Good  Scottish  foundry  iroiis  contain  from 
0*7  to  1  per  cent,  of  phosphorus,  and  Middlesbrough  pig  1*25 
per  cent,  or  more ;  but  since  the  phosphorus  is  not  removed 
in  steel  making,  iron  required  for  that  purpose  should  not 
contain  more  than  about  '05  per  cent.  Phosphorus,  as 
explained  above,  forms  a  definite  phosphide  which  dis- 
solves, to  a  certain  extent,  in  the  metal ;  but  it  is  much  less 
soluble,  in  the  solid  condition,  in  pig-iron  containing  carbon 
and  silicon  than  in  pure  iron.  As  the  iron  solidifies,  the  fusible 
liquid  eutectic,  which  contains  about  10  per  cent,  of  phos- 
phorus and  is  much  more  complex  than  in  the  case  of  pure 
iron,  is  separated  and  remains  fluid  to  the  last,  and 
even  a  few  tenths  per  cent,  of  phosphorus  can  be  detected 
by  the  appearance  of  the  metal  under  the  microscope.  If  the 
quantity  of  phosphorus  be  large,  the  eutectic  may  separate 
in  distinct  globules  of  considerable  size,  and  when  the  pig  is 
broken  these  may  fall  out,  leaving  spherical  cavities.  If  the 
iron  cools  very  slowly,  the  contraction  may  force  the  still 
liquid  phosphide  eutectic  to  the  surface,  where  it  will  appear 
as  metallic  globules. 

The  whole  of  the  phosphorus  in  the  charge  passes  into  the 
metal,   so   that  the   only  way  to   prepare  an  iron  low  in 
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phosphorus  is  to  use  material  which  contains  little  of  that 
element. 

Titanium  frequently  occurs  in  grey  pig-iron,  hut  in  whit« 
iron  it  hafi  always  escaped  detection,  even  when  ores  con- 
taining it  have  been  added  to  the  furnace  charge,  owing  to 
the  very  high  temperature  required  ior  its  reduction. 

Copper  has  been  found  in  pig-iron  from  various  places. 
Small  proportions  up  to  0'2  per  cent,  of  copper  in  pig-iron 
aie  said  not  tj)  affect  its  quality  for  foundry  purposes  or  for 
steel  making. 

Tin  renders  pig-iron  hard  and  more  readily  fusible ;   but 


Pig.  21.— Globules  of  Phosphide  Euteotic  in  Pig-iron. 

stanniferous  pig,  after  treatment  in  the  puddling  furnace, 
yields  a  malleable  iron  which  is  exceedingly  cold-short  and 
inferior  in  quality. 

Manganese  is  always  present  in  pig-iron,  and  if  present 
in  large  quantity  tends  to  render  it  white  and  brittle. 
When  contained  in  an  ore  it  helps  to  eliminate  the  sulphur 
from  the  resultant  pig-iron.  In  ordinary  circumstances 
about  half  the  manganese  in  the  charge  passes  into  the  iron, 
so  that  some  manganese  always  pass«S  into  the  slag.  Spie- 
geleisen  is  a  highly  manganiferous  pig-iron,  containing  from 
6  to  20  or  30  per  cent,  of  manganese,  and  possessing  well- 
marked  physical   qualities  ;    thus  it  is   very  hard,  and  its 
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fracture  presents  large  cleavage  planed,  which  are  due 
to  fracture  taking  place  along  planes  of  carbide  of  iron. 

Manganese  irons  containing  80  per  cent,  or  more  of  man- 
ganese are  now  regularly  made  under  the  name  of  ferro-mau- 
ganese ;  these  present  a  granular  crystalline  fracture  void  of 
any  cleavage  or  lamellar  structure,  and  of  a  bronze  colour. 

Irons  containing  a  large  quantity  of  manganese  can 
take  up  more  carbon  than  ordinary  pig-iron,  ferro-manganese 
often  containing  up  to  7  per  cent.  This  is  present  either  as  a 
carbide  of  manganese  or  as  a  double  carbide  of  iron  and 
manganese.  A  large  quantity  of  silicon  may  also  be  present, 
the  alloy  then  being  Imown  as  silicon  ferro-manganese. 

Grade  of  Pig-iron. — The  grade  of  pig-iron,  as  determined 
by  the  fracture  as  described  above  depends  on  the  appearance 
of  the  fracture,  and  this  in  its  turn  depends  on  the  amount  of 
graphite  which  is  visible,  and  this  again  depends  on  the  other 
constituents  present  and  also  the  rate  of  cooling  and  other  con- 
ditions. 

As  already  remarked,  silicon  tends  to  throw  the  carbon 
into  the  graphitic  condition,  whilst  sulphur  has  exactly  the 
opposite  effect.  Other  constituents  have  less  influence,  or 
act  indirectly  :  manganese  by  tending  to  the  removal  of 
sulphur,  and  phosphorus  by  tending  to  retard  solidification, 
help  to  make  the  iron  grey  Silicon  is,  on  the  whole,  the 
most  important  element  in  this  connection,  and  it  has  been 
suggested  that  irons  should  be  graded  according  to  the  per- 
centage of  silicon  piesent,  as  determined  by  analysis,  instead 
of  by  the  appearance  of  the  fracture.  The  following  analyses 
show  the  sort  of  relationship  that  should  exist : — 

HEMATITE  Pig  (C.  H.  Eidsdale). 

Graphitic  Carbon 

Combined      „  ... 

Silicon       ..... 

Forest  of  Dean  Haematite  (Pattinson  &  Stead). 

12            3  4     Mottled  White 

Graphitic  Carbon        .     3897    3660  3-020  2-866    2-376       '826 

Combined      „             .       '395       '570  1*070  1-066    1-316    2-387 

Silicon        .         .         .     1-073      '976      -687  '728      -401       '306 

These  figures  show  the  way  in  which  the  combined  carbon 
rises  as  the  silicon  falls.    It  is  only  the  combined  carbon  that 
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need  be  considered,  since,  if  this  be  fixed,  the  amount  of 
graphite  will  vary  with  percentage  of  total  carbon.  This  method 
of  grading  is  now  being  largely  used,  but  to  make  it  satisfac- 
tory, the  amount  of  sulphur  and  manganese  must  also  be 
considered,  and  this  would  make  the  matter  much  more 
complex. 

It  must  be  remembered  that  grading  by  the  appearance 
of  the  fracture  is  very  uncertain,  and  leaves  far  too  much  to 
the  personal  equation.  If  an  iron  be  cooled  slowly  there 
will  be  more  time  for  the  carbon  to  separate,  and  the  iron 
will  tend  in  the  direction  of  greyness,  whilst  if  the  cooling  be 
rapid,  the  separation  of  the  graphite  may  be  retarded  or 
prevented,  thus  modifying  the  iron  in  the  direction  of 
whiteness.  When  iron  is  cast,  as  it  now  sometimes  is,  in  iron, 
instead  of  in  sand  moulds,  the  outer  surface  becomes  con- 
verted into  white  iron,  whilst  the  mass  of  the  pig  is  far  less 
graphitic  than  it  would  have  been  if  the  cooling  had  been 
slower.  Grading  by  the  appearance  of  the  fracture  is 
therefore  only  of  value  if  the  iron  is  cast  always  under  the 
same  conditions. 

If  a  white  iron  be  kept  for  a  considerable  time  at  a  tem- 
perature a  little  below  its  melting  point,  the  carbon  is  almost 
completely  separated. 

Varieties  of  Pig-iron. — There  are  many  varieties  of 
pig-iron. 

Foundry  pig  is  iron  suitable  for  use  in  the  foundry.  It 
may  be  of  any  grade,  and  therefore  may  contain  varjring 
quantities  of  siUcon  and  combined  carbon,  but  it  will  always 
contain  from  '7  to  1*25  per  cent,  of  phosphorus. 

Bessemer  or  haematite  pig  is  pig-iron  suitable  for  con- 
version into  steel  by  the  Bessemer  or  open -hearth  steel  pro- 
cesses. It  must  not  contain  more  than  '06  per  cent,  phos- 
phorus or  '05  per  cent,  sulphur.  For  the  Bessemer  process 
about  2*5  per  cent,  of  silicon  should  be  present,  but  for  the 
open-hearth  process  the  amount  of  silicon  is  unimportant. 
It  is  called  Bessemer  pig  because  it  was  made  for  use  in  the 
Bessemer  process  of  making  steel,  and  haematite  pig  because 
it  is  usually  made  from  haematite  ore. 

Basic  pig  is  pig  iron  made  for  the  basic  Bessemer  or 
Thomas  Gilchrist  process  of  steel-making.  It  is,  of  course, 
not  *'  basic  "  in  the  chemical  sense.     It  should  contain  from 
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3  to  4  per  cent,  oi  phosphorus,  and  the  silicon  should  be  as  low 
as  possible,  never  more  than  1  per  cent.,  so  that  tbe  iron  is 
usually  white. 

All  mine  pig  is  pig-iron,  made,  in  the  Midlands,  from 
iron  ore  without  the  admixture  of  slag  or  cinder  from  the 
puddUng  furnaces.  In  most  districts  all  the  pig-iron  made 
is  of  this  character,. and  the  term  is  not  used. 

Cinder  pig  is  pig-iron  made  from  a  charge  consisting  al- 
most entirely  of  puddlers  or  other  slag  or  cinder.  It  is  usually 
very  high  in  phosphorus,  often  spongy,  and  porous  in  texture. 
The  term  is  only  used  in  the  Midlands. 

Glazed  pig  is  a  pig-iron  containing  a  large  percentage  of 
silicon,  made  accidentally,  and  so  called  from  the  bright 
Iracture.  In  the  United  States  such  iron  is  called  silvery  or 
silver-grey  iron. 

A  geographical  classification  is  sometimes  used,  thus  : 
Scotch  pig  is  made  in  Scotland,  Middlesbrough  (or  Cleve- 
land) pig  is  made  in  Middlesbrough,  and  so  on ;  in 
Scotland  the  pigs  are  further  marked  with  the  name  of  the 
works  where  they  are  made,  and  some  works  have  such  a 
high  reputation  that  their  brands  of  iron  fetch  a  much  higher 
price  than  others. 

For  instance,  on  May  11th,  1906,  prices  were  : — 


8. 

d. 

Cleveland  No.  1 

.     61 

«] 

per  ton. 

„        No.  3 

.     60 

3 

>> 

(f.o.b.  Cleveland). 

White 

.     48 

6 

)) 

Scotland — 

Gartsherrie  Nc 

►.  1           .65 

0 

}) 

Coltness           , 

.     74 

0 

}) 

Summerloe       , 

.     68 

6 

}> 

Langloan         , 

.     67 

6 

j> 

■ 

Clyde 

.     64 

6 

5) 

(f.o.b.  Glasgow). 

Carnbroe         , 

.     62 

0 

)) 

Glengamock   , 

.     66 

0 

» 

Eglinton          , 

,               .     60 

6 

>J 

(f.o  b.  Ardrossan). 

Shotts               , 

.     68 

0 

}> 

(f.o.b.  Lent). 

Lincolnshire  No. 

3    .         .55 

6 

>> 

\                                         ' 

Derbyshire         „ 

.     58 

6 

>> 

Staffordshire     . 

.         .     53 

0 

)) 

Lancashire 

.     54 

0 

t* 

It  will  thus  be  seen  that  the  prices  vary  very  much.  No.  1 
is  always  the  most  expensive,  and  the  prices  fall  at  about 
2s.  Cd.  per  ton  for  each  number.     Of  course,  the  purchaser  has 
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to  consider  the  cost  of  carriage  to  the  place  where  he  will  need 
to  use  the  metal  from  the  port  or  station  at  which  it  is  delivered 
i.o.b.  (free  on  board)  at  the  price  quoted.  In  the  case  of 
Cleveland  iron,  no  particular  maker's  iron  fetches  a  higher  price 
than  others,  and  the  buyer  does  not  usually  ask  for  ahy  par- . 
ticular  make,  but  simply  for  good  makers'  brands  (G.  M.  B.). 
Production  of  Pig-iron.— The  amount  of  pig-iron  made  in 
the  world  in  1905  was  : — 

United  Kingdom 9,692,737  tons. 

United  States 22,992,380    „ 

Germany 10,066,553     „ 

Pig-iron  Alloys. — A  large  number  of  alloys  are  now  made 
which  may  be  classed  with  pig-irons  because  they  are  made 
in  the  blast  furnace  by  exactly  the  same  processes  and  con- 
tain the  same  impurities.  Some  of  these  have  already  been 
mentioned. 

Manganese  Alloys : — 

Spiegeleisen,  containing  up  to  30  per  cent,  manganese. 
Ferro-manganese,  containing  up  to  85  per  cent,  man- 
ganese. 
Silicon  Alloys: — 

Ferro-silicon,  containing  up  to  15  per  cent,  silicon. 
Silicon  ferro-manganese,  containing  up  to  70  per  cent, 
manganese  and  a  large  quantity  of  silicon. 
Chrome  Alloys: — 

Ferro-chrome,  containing  up  to  65 per  cent,  of  chromium. 
Many  other  alloys  are  made  by  melting  in  crucibles. 
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CHAPTER   VI. 

PREPARATION   OE  THE   ORES. 

The  production  of  pig-iron  from  the  various  ores  of  iron 
comprises  two  stages — ^the  preparation  and  the  smelting  -of 
the  iron  ores. 

Owing  to  the  comparatively  small  value  of  iron,  the 
ores  are  not  usually  submitted  to  any  complicated  or  ex- 
pensive mechanical  treatment  for  the  separation  of  the 
gangue  or  earthy  portions,  before  calcination  or  smelting, 
except  in  cases  where  magnetic  separation  can  be  profitably 
used. 

The  preparatory  treatment  of  the  ore  may  include  a, 
Mechanical  preparation  of  the  ores ;  &,  Weathering  of 
certain  classes  of  ores ;  c,  Boasting,  or  calcination  of  the  ore ; 
df  Magnetic  concentration. 

In  England  iron  ore  is  sent  to  the  kiln  or  direct  to  the 
furnace  in  lumps  of  irregular  size,  often  mixed  with  a  con- 
siderable amount  of  small  material,  as  it  is  delivered  at  the 
works  from  the  mine.  At  one  time  it  was  customary  in  the 
Cleveland  district  to  break  the  ore  into  lumps  approximately  of 
from  4  in.  to  6  in.  cube  ;  and  in  the  haematite  districts,  where 
the  furnaces  were  smaller^  into  2-in.  cubes  resembling  road- 
metalling,  whilst  for  the  still  smaller  furnaces  employed  in 
Sweden  the  pieces  were  only  about  1-in.  cube,  but  this  sizing 
is  not  necessary  for  the  modern  large  furnaces.  In  some 
districts  the  hard  ores  are  broken  by  stone  crushers,  such  as 
the  "  Blake,"  in  which  the  ore  is  broken  by  a  strong  oscillating 
jaw,  moving  to  and  from  a  corresponding  hard  fixed  face ; 
or  in  the  case  of  calcined  ores  by  passing  between  hard  cast* 
iron  rollers. 

Weathering. — ^Weathering  of  iron  ores  is  only  necessary  for 
such  ores  as  contain  much  pyrites  or  shale  ;  in  which  case, 
instead  of  directly  calcining,  or  in  exceptional  cases  after 
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calcination,  the  ores  are  exposed  in  heaps  to  the  action  of  the 
atmosphere.  Under  the  action  of  air  and  moisture,  the  sulphur 
is  oxidised  and  produces  soluble  sulphates,  which  are  dissolved 
out  by  the  rain.  This  method  is  not  applicable  to  the  treatment 
of  calcareous  ores,  since  the  soluble  ferrous  and  cuprous 
sulphates  formed  by  the  oxidation  would  be  decomposed 
by  the  lime,  with  the  formation  of  a  sparingly  soluble  calcium 
sulphate,  which  largely  escapes  solution  ;  and  thus  the  copper 
and  sulphur  would  both  remain  in  the  ore,  although  in  difEerent 
states  of  combination  from  those  in  which  they  occurred  in 
the  original  ores.  Also  such  calcareous  ores  cannot  be  sub- 
jected to  any  prolonged  weathering  after  calcination,  other- 
wise the  ore  would  break  up  and  fall  into  powder,  owing  to 
the  slacking  of  the  lime  during  the  Uxiviation  for  the  solution 
of  the  soluble  sulphates,  and  so  be  unfit  for  introduction  into 
the  blast  furnace. 

Suitable  ores  may  be  weathered  for  three  or  four  months ; 
and  in  exceptional  cases,  as  with  the  pyritous  siliceous 
hsematites  of  Germany,  the  weathering  after  roasting  extends 
over  one,  two,  or  three  years,  with  occasional  Uxiviation  or 
washings  during  the  whole  period.  Certain  nodtilar  ar- 
gillaceous ironstones  which  are  accompanied  by  shale 
suffer  oxidation  on  exposure  to  the  atmosphere  for  a  short 
time,  whereby  the  shale,  which  is  not  readily  separated 
from  the  ore-  as  it  is  first  received  iroui  the  mines, 
becomes  easily  separable.  Again,  certain  spathose  ores  are 
converted  by  a  limited  exposure  to  the  weather  into  brown 
haematite ;  but  in  all  these  special  cases  it  becomes  necessary 
not  to  carry  the  operation  of  weathering  too  far,  otherwise 
the  ore  falls  to  powder  and  becomes  unfitted  for  charging 
into  the  blast  furnace. 

Weathering  is  now  completely  abandoned  except  in  a 
few  outlying  districts  where  the  output  is  very  small.  The 
space  required  for  the  weathering  of  the  large  quantities 
of  ore  required  for  a  modern  blast  furnace  would  alone  render 
the  process  impracticable. 

Calcination. — The  calcination  or  roasting  of  iron-ores 
expels  water,  carbon-dioxide  (CO^),  sulphur,  and  substances 
which  are  volatile  under  the  influence  of  heat,  or  the  combined 
.action  of  heat  and  atmospheric  air.  The  process  leaves  the 
ore  in  a  more  or  less  porous  conditionj  more  readily  permeated 
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and  acted  upon  by  the  reducing  gases  of  the  blast  furnace; 
The  partial  oxidation  which  occurs  during  calcination  con- 
verts the  ferrous  compounds — such  as  are  contained  in  spathic 
ores,  and  whch  would  readily  combine  with  and  form 
fusible  compounds  with  silica  in  the  blast  furnace — into 
ferric  oxide,  which  does  not  so  readily  combine  with 
silica. 

The  changes  produced  by  calcination  are  comparatively 
simple.  They  are  partially  produced  by  the  action  of  the 
heat,  and  partially  by  the  oxidising  action  of  the  air.  The 
iron  will  be  present  in  the  ore,  as  ferric  oxide  (Feo03),  ferric 
hydrate  (2Fe203,  SHgO),  black  oxide  of  iron  (Fe^OJ,  ferrous 
carbonate  (FeCOg),  and  perhaps  a  small  quantity  of  pyrites 
(FeSo). 

Ferric  oxide  will  be  unchanged,  except  that  if  the  tem- 
perature be  high  it  may  be  partially  converted  into  the  black 
oxide,  this  change  taking  place  much  more  readily  in  the 
presence  of  reducing  agents,  and  in  some  cases  reduction  may 
even  go  further,  ferrous  oxide  being  produced  ;  ferric  hydrate 
will  be  converted  into  the  oxide  by  expulsion  of  water.  Ferrous 
carbonate  is  decomposed,  ferric  oxide  being  left  thus  :  2FeC03 
=  FegOjj  4-  CO  -f  CO2,  one  part  of  the  carbonate  giving  '69 
parts  of  the  oxide.  Sometimes  in  the  analysis  of  an  ore 
ferrous  carbonate  is  stated  as  FeO  and  CO., ;  in  that  case  it 
may  be  considered  that  the  FeO  is  oxidised  to  FcoO^,  thus 
2Fe03  +  0  =  FcgOj^,  and  the  carbon-dioxide  is  expelled. 
Each  1  part  of  ferrous  oxide  will  give  I'll  parts  of  ferric 
oxide. 

The  pyrites  is  oxidised,  yielding  ferric  oxide  and  gaseous 
sulphur  dioxide  :  FcgSo  -f  110  =  Feo03  -f  480.2,  ^^^  P^^* 
of  pyrites  giving  '67  parts  of  the  oxide.  In  either  case  the 
ferric  oxide  may  be  subsequently  converted  into  the  black 
oxide.  It  will  be  seen,  therefore,  that  whatever  the  form  in 
which  the  iron  exists  in  the  ore,  it  will  be  in  the  condition  of 
oxide  after  calcination. 

Manganese  will  be  present  usually  as  carbonate,  which 
will  be  decomposed  thus :  SMnCOg  =  Mn^O^  +  2CO2  +  CO, 
1  part  of  the  carbonate  giving  '66  of  manganic  oxide. 
This  may  also  be  written  as  if  the  carbonate  were  made  up  of 
MnO  and  COo,  in  which  case  the  carbon  dioxide  will  be  ex- 
pelled  and  the  manganous  oxide  converted  into  manganic 
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oxide :    SMnO  +  0  =  Mn304,  1  part  of  manganoud  oxide 
giving  1'075  parts  of  manganic  oxide. 

Lime  and  other  carbonates,  if  present,  will  be  decomposed, 
the  metallic  oxide  being  left  and  carbon  dioxide  evolved  thus  : 
CaC03  =  CaO  +  COo,  1  part  of  calcium  carbonate  giving 
•56  parts  of  lime.  Water  will,  of  coUrse,  be  expelled,  and 
organic  matter  will  be  partly  volatilised  and  partly 
oxidised. 

Aa  a  result  of  these  changes,  there  will  be  considerable 
loss  of  weight,  and  the  resulting  calcined  ore  will  necessarily 
be  richer  in  iron  than  the  raw  material. 

An  example  will  make  this  clear.  Assume  an  ore  to  con- 
tain : — 


Ferrous  Carbonate 

.     60  per  cent. 

Manganous  Carbonate    .         .         .         . 

2 

Calcium  Carbonate 

8         „ 

Silica,  Alumina,  etc.        . 

•     10         „ 

Pyrites 

1         »f 

Organic  Matter       .... 

.     10         „ 

Water 

9         „ 

100         „ 

Required  to  find  : — 

(1)  The  loss  on  calcination. 

(2)  The  percentage  of  irofi  in  the  raw  and  in  the  calcined 

ore. 

To  find  the  loss  on  calcination,  the  first  step  will  be  to 
find  what  will  be  the  weight  of  100  lb.  of  raw  ore  after  cal- 
cination, which  can  be  easily  obtained  from  the  data  already 
given. 


Ferric  oxide  from  Carbonate 


»> 


>» 


»♦ 


Manganic  oxide  from  Pyrites 
Lime  ..... 
Silica,  etc.  (unchanged) 


Weight  after  calcination 


60  X 

•69  —  41-40 

2  X 

•66—    1-32 

1     X 

67  —      -67 

8  X 

•56—    4-48 

• 

.    —  1000 

57-87 


That  is,  100  lb.  of  the  raw  ore  will  give  57*9  lb.  of  the 
calcined  ore,  or  the  loss  will  be  42*1  per  cent. 
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The  composition  of  the  ore  might  have  been  written  : — 


Ferrous  oxide   . 
Manganous  oxide 
Lime 

Pyrites     . 
Carbon  dioxide 
Silica,  etc. 
Organic  Matter 
Water 


37-20 
1-23 

4-48 
1-00 

27-08 

10 

10 
9 


99-99 


Using  this  analysis  the  figures  will  work  out : — 


Ferric  oxide  from  Carbonate 

„  „         „     Pyrites  . 

Mansfanic  Oxide 


37-2  X  1-11  =  41-3 
1-00  X     -67  =      -67 
1-23  X  107  =     1-3 


the  other  figures,  of  course,  working  out  the  same  as  above. 
The  percentage  of  iron  in  the  ore  can  be  readily  obtained. 

Ferrous  carbonate  contains  48*3  per  cent.  iron. 

Ferrous  oxide  „  7  7  8 

Ferric  oxide  ,,  70*0 

Pyrites  „  46-7 

So  that  the  percentage  of  iron  will  be  (60  x  -483)  +  (1  x  -467) 
=  29'45,  calculated  from  the  analysis  written  according  to 
the  first  method,  and  (37-3  x  -778)  +  (1  x  -467)  =  29*48 
if  it  be  written  by  the  second  method. 

The  percentage  of  manganese  can  be  similarly  calculated, 
using  the  factors  given  on  p.  248. 

Since  100  parts  of  the  raw  ore  give  only  57*9  parts  of  the 
calcined  ore,  the  percentage  of  iron  will  be  : 

IA^  A     .     ans         ^^W   X   '7  X  100         _  _ 

(41-4  +  "67)  =  57^  ~ "^  ^^'^  P^^  ^®^*' 

Forge-  and  mill-cinder,  which  are  essentially  ferrous  sili- 
cates, when  used  as  part  of  a  blast  furnace  charge,  is  usually 
roasted  in  an  oxidising  atmosphere,  which  decomposes  it, 
separating  the  iron  in  the  form  of  ferric  and  magnetic  oxides, 
and  leaving  the  silica  in  its  free  condition. 

The  loss  of  weight  during  the  process  of  calcination  varies 
with  different  ores>  for,  whilst  the  Blackband  bituminous 
iron-ores  of  Scotland  lose  by  roasting  in  some  cases  as  much 
as  50  per  cent,  of  their  weight,  the  Welsh  argillaceous  ores 
lose  from  25  to  30  per  cent.,  or  an  average  of  about  27  per 
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cent.  The  brown  haematites  lose  12  to  14  per  cent.,  and 
the  red  hsematites  only  about  6  per  cent.,  of  their  weight, 
this  loss  being  due  to  the  expulsion  of  moisture.  The  loss 
of  weight  during  calcination  is  far  greater  than  the  shrinkage 
of  bu£k,  the  calcined  ore  being  left  in  a  porous  condition 
suitable  for  smelting. 

The  following  analyses  of  Cleveland  ore  before  and  aftet 
calcination  will  give  an  idea  of  the  changes  produced  : — 

Analyses  of  Cleveland  Stone. 


A 

B 

Ferric  oxide  (FcqC.,)           

2-60 

66-25 

Ferronb  oxide  (FeO) 

3806 

— 

S^uiganoiis  oxide  (MnO) 

0-74 

— 

Manganic  oxide  (Mnj04) 

0*65 

Alumina  (ALiOg) 

6-92 

7.72 

lime  (CaO) 

7-77 

6-46 

Magnesia  (MgO) 

416 

4-78 

Potash  (KjO)           

trace 

0-02 

Carbonic  anhydride  (COj)             

2200 

— 

Water  (H2O)            

4*45 

— 

8iUca(Si02) 

10-36 

1187 

Sulphur  (S) 

014 

«.* 

Phosphoric  anhydride  (P2O5) 

107 

113 

Sulphuric          „           (SO,)          

— 

0-90 

97-27 
30-69 

99-78 

Metallic  iron  (per  cent.) 

46-37 

A. — ^Cleveland  ore  or  stone,  uncaloined.    B. — Cleveland  stone,  after 
calcination. 

The  calcined  ore  may  be  either  red  or  black.  If  it  is  free 
from  organic  matter,  and  the  temperature  is  not  too  high, 
it  will  be  red  ;  but  if  the  temperature  has  been  very  high  the 
red  oxide  may  be  converted  into  black  oxide.  This  change 
takes  place  much  more  readily  in  presence  of  organic  matter, 
so  that  calcined  blackband  ores  are  usually  black  in  colour. 
If  the  temperature  is  too  high  the  reduction  may  go  on  still 
further,  ferrous  oxide  beng  produced ;  and  this  may  com- 
bine with  the  silica  present,  forming  fusible  ferrous  silicates, 
which  will  soften  or  melt  and  frit  the  material  together  so  that 
the  calcined  ore  will  be  dense  and  non-porous,  and  in  some 
cases  even  the  lumps  of  ore  may  be  cemented  into  a  solid 
mass. 
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As  the  calcined  ore  is  lighter  than  the  uncalcined  ore, 
calcination  is  usually  carried  out  at  the  mine  to  reduce  the 
cost  of  carriage. 

Carbonate  ores  are  always  calcined.  Brown  haematites  may 
be  caloined  or  used  raw,  but  it  is  always  advisable  to  calcine 
them  so  as  to  expel  the  large  amount  ol  moisture  which  is 
present.  Red  and  black  ores  are  never  calcined,  except  in 
the  case  of  red  ores  to  be  treated  by  magnetic  separation. 

Iron  ores  are  calcined  in  clamps  or  open  heaps, 
between  closed  walls,  or  in  variously  designed  kilns,  the 
^temperature  being  very  carefully  regulated  so  that  the  ores 
may  not  be  softened,  partially  fused,  or  clotted  together 
into  compact  masses  which  would  be  impervious  to  the 
ascending  gases  in  the  subsequent  smelting  operation.  With 
such  ores  as  the  blackbands,  containing  much  carbonaceous 
matter,  the  temperature  should  not  rise  sufficiently  high  to 
efEect  a  partial  reduction  of  the  metal  in  the  ore. 

Calcination  in  Heaps. — ^This  process,  as  carried  on  in 
South  Wales,  Staffordshire,  etc.,  consists  in  placing  upon 
a  piece  of  level  ground  a  bed  of  coal  several  inches 
thick,  and  then  building  up  ore  and  fuel  in  alternate 
layers  to  form  a  pile  4  ft.  or  5  ft.  high.  In  the  Hartz 
districts  the  ground  layer  is  a  bed  of  slag,  upon  which  is 
placed  a  layer  of  iron  ore,  and  then  alternate  layers  of  fuel 
and  ore,  until  the  whole  forms  a  truncated  pyramid  about 
9  ft.  high,  with  a  base  measuring  about  60  ft.  square.  In 
both  the  English  and  Continental  methods,  the  fire  is  lighted 
at  the  base  of  the  pile  ;  and,  as  the  process  advances,  any 
parts  where  the  combustion  is  proceeding  too  rapidly,  or 
where  the  calcination  is  too  active,  are  damped  down  with 
small  ore.  In  the  Hartz  the  ores  to  be  treated  are  calcareous, 
and  the  process  has  a  duration  of  from  eight  to  fourteen  days  ; 
and  for  the  calcination  of  each  cubic  foot  of  such  ores  about 
one-third  of  a  cubic  foot  of  small  coal  is  consumed.  Black- 
band  ores  often  contain  from  25  to  30  per  cent,  of  combustible 
matter,  and  these  or  such  others  as  contain  much  bituminous 
matter  are  usually  roasted  without  any  further  addition  of 
fuel  or  carbonaceous  material. 

Ores  containing  much  carbonaceous  matter,  sulphur, 
or  other  combustible  substances,  are  treated  in  longer  but 
narrower  heaps,  rarely  exceeding  about  3  ft.  in  height ;  these 
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heaps  do  not  attain  to  so  high  a  temperature  as  the  larger 
heaps,  and  thus  the  ore  is  not  so  liable  to  become  fused  to- 
gether. This  class  of  ore  must  be  calcined  in  larger  pieces 
than  is  the  case  with  argillaceous  and  other  ores  free  from 
combustible  matter.  Westphalia  ores,  which  are  less  rich 
in  carbonaceous  matter,  are  usually  treated  in  heaps  of 
from  20  ft.  to  30  ft.  wide,  from  15  ft.  to  20  ft.  high,  and  of 
various  lengths,  the  period  of  calcination  being  from  two  to 
three  months. 

Devices  for  regulating  the  heat  throughout  the  mass 
include  modifying  the  size  of  the  pile,  as  already  noted  ; 
and  building  the  larger  pieces  of  ore  so  as  to  form  draught- 
holes  communicating  with  the  interior  of  the  heap,  and 
placing  around  these  draught-holes  the  smaller  ore,  where- 
by, when  the  pile  is  ignited,  the  direction  of  the  flame 
and  heat  can  be  controlled  by  damping  down  the  sur- 
face or  opening  out  these  draught-holes  as  required.  In 
the  Westphalian  works  draught-holes  are  formed  between 
the  sides  of  the  pile  and  other  passages  in  the  interior  of  the 
pile  ;  these  passages  are  first  filled  with  wood,  and  the  pile 
is  constructed  by  placing  the  larger  lumps  of  ore  around  the 
exterior  of  the  pile,  so-  as  to  form  an  outer  wall  of  ore,  whilst 
the  smaller  ore  is  placed  along  the  sides  of  the  draught-holes, 
with  the  larger  pieces  more  distant  from  the  heated  currents 
passing  through  these  passages.  Such  a  heap,  upwards  of 
100  ft.  long,  bums  for  one  month,  the  combustion  being 
maintained  through  the  draught-holes  formed  throughout 
the  whole  mass  of  the  pile  ;  and  the  progress  of  the  calcination 
checked  by  throwing  smaller  ore  upon  any  parts  indicating 
a  too  rapid  rise  in  temperature. 

In  pyritous  ores,  the  pyrites  often  occurs  in  laminae,  plates 
or  nodules,  arranged  along  the  planes  of  stratification  of 
the  ore,  and  since  the  gases  passing  through  the  pile  are 
largely  of  a  reducing  character,  the  sulphur  is  not  completely 
oxidised.  In  order  to  facilitate  the  elimination  of  sulphur 
from  such  ores  by  the  process  of  oxidation,  it  is  important  that 
the  lumps  or  blocks  of  ore  should  be  placed  with  their  planes  of 
stratification  vertical,  the  surface  of  such  piles  being  covered 
with  small  ore  to  condense  and  collect  the  sulphur. 

Calcining  or  roasting  in  heaps  involves  a  large  consumption 
of  fuel.    In  the  South  Wales  and  StafEordshire  districts  2^  cwt. 
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of  coal  (2  cwt.  small  and  J  cwt.  large  coal)  are  burnt  per 
ton  of  ore.  It  is  difficult  to  regulate  the  temperature  through- 
out the  pile,  for  whilst  the  ore  in  the  interior  is  often  clotted 
or  partially  fused  (especially  with  spathic  carbonates  or  pyrit- 
ous  ores),  the  other  portions  may  be  inisufficiently  or  incom- 
pletely roasted.  When  much  carbonaceous  matters  or  pyrites 
are  present,  their  combustion  locally  intensifies  the  heat, 
and  so  tends  to  clot  the  ore.  Heap  roasting  is  now  almost 
entirely  abandoned  in  Britain. 

Calcination  between  Walls. — Clay -ironstone  is  thus  treated 
in  the  Hartz,  charcoal  dust  or  breeze  being  the  fuel.  The  walls 
of  the  pile  are  from  6  ft.  to  12  ft.  high,  and  built  round  three 
sides  of  a  rectangular  area,  the  floor  sloping  slightly  towards 
the  front  or  open  side.  In  the  walls  are  two  rows  of  draught 
holes,  each  about  4  in.  in  diameter,  the  lower  row  being  near 
the  ground  level,  and  the  second  about  3  ft.  higher  up.  These 
draught-holes  communicate  with  chimneys  in  the  interior  of 
the  pile  built  up  of  the  larger  pieces  of  ore,  the  chimneys 
being  connected  with  air-passages  left  in  the  base  of  the  pile, 
or  formed  by  pieces  of  timber,  and  so  the  circulation  of  air 
is  effected.  Less  fuel  is  burnt,  and  the  ore  is  more  com- 
pletely calcined. 

Calcination  in  Kilns. — This  process  economises  fuel  and 
labour,  the  temperature  is  under  better  control,  calcination  is 
more  uniform,  and  it  is  also  continuous — as  the  calcined  ore  is 
withdrawn  from  the  bottom  of  the  kiln,  fresh  raw  ironstone 
and  fuel  are  added  at  the  top. 

In  the  Cleveland  district,  Gjers'  kilns  (Fig.  22)  are  gener- 
ally used.  They  are  circular  in  section,  and  are  built  of  iron 
plates  lined  with  14  in.  of  brickwork ;  they  are  about  33  ft. 
high  and  24  ft.  in  diameter  at  the  widest  part,  having  a  capa» 
city  of  about  8,000  cub.  ft.,  holding,  therefore,  about  350  tons 
of  ore  and  fuel ;  but  they  are  sometimes  constructed  of 
larger  size.  A  Gjers'  kiln  resembles  a  low  blast  furnace,  with 
a  conical  lower  portion  tapering  towards  the  bottom ;  and 
the  whole  is  carried  upon  a  cast-iron  ring  resting  upon  short 
cast-iron  columns,  so  as  to  leave  a  clear  space  of  about  30  in. 
between  the  bottom  of  the  kiln  and  the  ground.  In  the  centre  of 
the  kiln  and  resting  upon  the  ground  is  fixed  a  cast-iron  cone 
with  its  apex  upwards  ;  this  serves  to  direct  outwards  the 
descending  roasted  ore,  which  is  then  raked  outwards  between 
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the  oolumns  carrying  the  kiln,  whilst  iresli  ore  and  small  coal 
arc  constantly  added  at  the  top  to  replace  the  ore  withdrawn 
at  the  bottom.  Around  the  body  of  the  kiln,  and  near  the 
bottom,  are  openings  usually  closed  by  doors ;  these  admit 
air,  and  through  them  baia  or  other  tools  are  passed  to  break 
up  the  clotted  ore. 

Id  Scotland  the  ore  ia  calcined  in  vertical  circular  Idlns 
not  unlike  small  blast  himacea  in  appearance.    The  kilns 


[.  22.— Ojera'  Calcining  Kiln, 


are  about  45  ft.  high  and  16  It.  in  diameter,  the  charge  is 
drawn  through  arches  at  opposite  sides,  it  being  thrown  out- 
wards by  iron  plates  forming  a  triangular  prism  across  the 
bottom. 

With  a  good  kiln,  calcining  non-bituminous  ores,  the  con- 
sumption of  fuel  will  be  about  0-7  to  0-9  cwt.  per  ton  of  ore. 

Gas  Kilns. — The  Swedish  kiln,  heated  by  the  waste  gases 
of  the  blast  furnace,  is  of  circular  section,  shghtly  conical, 
and  about  18  ft.  hi^,  with  a  mean  diameter  of  6  ft.  It  ia 
formed  of  an  external  massive  structure  of  brick  or  stone, 
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lioed  with  firebrick  and  supported  by  bands  of  wrought-iron 
around  ita  circumference.  The  gases  from  the  throat  of  the 
blast-futnace  are  conveyed  to  a  circular  main  at  the  base  of 
the    Idln,    and    thence    introduced    by    sixteen    equi-distant 


Fig,  2i.— Day  is- Col  by  Gaa-fired  Ore  Hoaater, 

nozzles  or  jets  ;  the  air  necessary  to  combustion  is  admitted 
a  little  higher  up  through  a  series  of  apertures  controlled 
by  dampers,  and  still  higher  is  another  series  of  openings 
for  the  introduction  of  the  bars  required  to  break  up  the 
charge.    Numerous  other  horizontal  openings  are  left  in  the 
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brickwork,  for  the  escape  of  moisture  and  other  products 
of  calcination ;  at  the  base  of  the  kibi  are  openings  for  the 
withdrawal  of  the  charge.  These  kilns  are  capable  of  roasting 
about  twenty-five  tons  of  magnetite  and  schistose  haematite 
in  the  twenty-four  hours. 

Where  magnetic  separation  is  to  be  used,  it  may  be  neces- 
sary to  roast  the  ore  in  a  reducing  atmosphere,  and  for  this 
purpose  gas  kilns  are  usually  used,  fired  either  by  blast  fur- 
nace or  producer  gas.  Several  forms  of  kiln  have  been  devised, 
but  the  best  known  is  the  Davis-Colby,  and  is  illustrated  by 
Fig.  24.  This  consists  of  an  annular  calcining  chamber  d 
surrounded  by  a  combustion  chamber  c,  and  surrounding  a 
central  flue  e.  The  walls  of  the  calcining  chamber  are  per- 
forated with  a  large  number  of  openings.  Gas  and  air  are 
admitted  to  the  chamber  c,  the  proportions  being  regulated 
so  as  to  give  either  an  oxidising  or  reducing  flame  as  may  be 
required.  The  flame  and  products  of  combustion  pass  from 
the  combustion  chamber  through  the  ore  to  the  central  flue,  and 
thus  to  the  chimney.  The  ore  is  supplied  by  hoppers  at  the 
top,  and  is  drawn  away  through  discharging  doors  at  the 
bottom.  The  standard  kiln  is  45  ft.  high  and  24  ft.  in  dia- 
meter, and  will  calcine  300  tons  of  ore  daily,  with  a  consump- 
tion of  4  cwt.  of  coal  for  gas-production  for  each  ton  of  ore 
calcined.  Calcination  is  said  to  be  very  perfect,  and  the 
removal  of  sulphur  to  be  complete. 

Magnetic  Concentration. — In  various  parts  of  the  world 
magnetic  ores  occur  which  are  contaminated  by  the  ad- 
mixture of  pyrites,  phosphate  of  iron,  and  other  substances 
which  reduce  their  value,  and  indeed  often  render  them  quite 
valueless  for  smelting  purposes.  These  impurities  are  not 
magnetic,  and  in  many  cases  can  be  separated  by  crushing 
the  ore  to  a  coarse  powder  and  extracting  the  magnetic  por- 
tion by  means  of  magnets.  This  process  is  called  magnetic 
concentration,  and  is  now  coming  into  use  in  Norway  and 
other  parts  of  the  world.  In  order  that  magnetic  concentra- 
tion may  be  used,  it  is  essential  that  the  impurities  to  be 
removed  be  non-magnetic,  and  that  they  be  present  in  such 
form  that  when  the  ore  is  crushed  sufficiently  finely  the  par- 
ticles of  magnetic  and  non-magnetic  material  will  separate. 

Many  forms  of  magnetic  separator  have  been  designed, 
but  it  will  be  sufficient  to  describe  one.     Electro-magnets  of 
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considerable  power  are  almost  always  used,  and  the  machine 
must  be  so  arranged  that  the  non-magnetic  material  does  not 
remain  entangled  with  the  magnetic  material.  The  power 
required  will  depend  on  the  nature  of  the  material  to  be 
separated — the  greater  its  magnetic  permeabiHty,  the  less 
magnetic  power  will  be  required.  Talang  the  magnetic  per- 
meability oi  pure  iron  as  100,000,  that  of  magnetite  is  about 
40,000,  whilst  red  hsBmatite  is  about  700,  and  limonite  about 
300.  li  the  magnets  be  sufficiently  powerful,  haematite  can 
be  separated  from  a  non-magnetic  gangue,  but  its  magnetic 


Fig.  25. — Wetherill  Magnetic  Concentrating  Machine  (Diagram). 

permeability  is  so  low  that  it  is  usually  best  to  convert  it  into 
magnetic  oxide.  In  the  Wetherill  machine,  which  may  be 
taken  as  a  type,  the  arrangement  of  which  is  shown  diagram- 
matically  in  Fig.  25,  two  magnets,  which  may  be  either  per- 
manent magnets  or  electro-magnets,  are  used.  These  are 
bevelled  at  the  edges,  and  the  material  to  be  treated  is  brought 
up  on  an  endless  belt  which  runs  under  one. of  the  magnets. 
As  the  belt  runs  under  or  near  the  magnet  the  non-magnetic 
material  falls  off,  whilst  the  magnetic  material  is  attracted 
to  another  belt  and  carried  to  a  separate  receiver.  The  mag- 
nets may  be  vertical  or  inchned.  In  tte  foim  of  machine 
shown  in  the  sketch  the  ore  is  fed  by  the  belt  a,  and  the 
magnets  are  sufficiently  powerful  to  draw  the  magnetic  poitions 
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over  on  to  the  belt  b.  The  strength  of  current  for  the 
magnet  J  and  the  speed  must  be  determined  for  each  ore. 
This  machine  has  been  used  for  the  separation  of  franklenite 
and  other  slightly  magnetic  minerals,  and  by  using  a  set  of 
machines  of  varying  strength,  minerals  of  different  degrees 
of  magnetic  permeability  may  be  separated  one  from  the 
other. 

Most  iron  ores  can  be  worked  on  machines  of  low  power 
by  first  converting  the  iron  into  magnetic  oxide  either  by 
heating  or,  better,  by  heating  in  a  reducing  atmosphere  in  a 
Davis-Colby  or  similar  Idln,  before  crushing.  Such  ores  as 
clayband  and  blackband  ores  cannot  be  successfully  treated, 
as,  however  finely  they  may  be  powdered,  they  do  not  separate 
into  the  different  constituents. 

Magnetic  concentration  is  at  present  chiefly  used  for  treat- 
ing poor  and  impure  magnetites  and  haematites  and  such  ores 
as  franklinite. 

Briquetting. — In  order  that  magnetic  concentration  may 
be  applied,  the  ore  must  be  in  a  powder,  and  a  powder  is 
quite  unsuitable  for  .treatment  in  the  blast  furnace.  It  must, 
therefore,  be  made  into  blocks  or  briquettes  which  can  be 
smelted.  Large  quantities  of  fine  ore  are  now^  imported,  and 
similar  materials  accumulate  at  many  mines.  These  also 
are  now  frequently  briquetted. 

The  ore  for  briquetting  must  be  m  the  condition  of  a 
coarse  powder.  Magnetically  separated  ores  are,  of  course, 
in  that  condition,  whilst  ores  containing  a  large  amount  of 
smalls  are  screened  to  separate  any  pieces  that  are  large 
enough  for  direct  smelting,  and  the  remainder  is  crushed  to 
uniform  size. 

If  the  ore  is  at  all  argillaceous  it  will  bind  ;  if  not,  some 
binding  material  is  added  —  lime,  some  organic  binding 
material  such  as  pitch,  or  a  small  percentage  of  a  good  clay. 
The  whole  is  thoroughly  mixed  in  a  mill  or  pan  with  suffi- 
cient water  to  make  a  stiff  paste,  and  this  is  moulded  into 
blocks,  usually  by  hydraulic  pressure.  The  blocks  are  dried, 
and  then  heated  to  redness  or  fired  in  a  kiln.  The  briquettes 
may  be  of  any  convenient  size,  but  are  usually  about  8  in. 
by  7  in.  by  6  in.,  weighing  about  35  lb.  They  must  not  be  so 
large  that  they  cannot  be  conveniently  handled,  and  they 
must  be  strong  enough  to  resist  handling.    It  is  quite  obvious 
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that  briquetting  will  add  to  the  cost  of  the  material,  and  the 
addition  of  binding  material  will  reduce  the  percentage  of 
iron.  Purple  ore — ^that  is,  burnt  pyrites  from  which  the 
copper  has  been  extracted — ^is  now  largely  made  into  briquettes 
for  smelting,  the  alkaline  salts  present  acting  as  a  binding 
material. 

The  following  analysis  of  Dunderland  ore  and  of  a  briquette 
made  from  it  may  be  of  interest : — 


1        Ore. 

»                                            1 

Briquette. 

Iron '      49-350 

68-550 

Manganese  oxide 
Titanium  oxide 

.     '      1-116 
•110 

Alumina 

•350 

Lime 

1 

5-050 

•450 

Magnesia 
Silica 

; 

•378 
16-300 

•144 
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Sulphur 

Phosphoric  Acid 
Phosphorus     . 
CSarbonic  Acid 

' 

•025 
•415 

'5-700 

•030 
•010 

Water    . 

.   i           -450 

Organic  Matter 

'           -200 

1 
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was  organic  matter. 
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CHAPTER  VII. 

CHANGES  IN  THE  BLAST  FURNACE. 

The  blast  furnace  in  which  the  iron  ore  is  reduced  is  a  vertical 
stack  of  masonry  cased  with  iron.  The  charge  of  solid  material 
ore  fuel  and  flux  is  introduced  at  the  top  and  air  is  blown 
in  at  the  bottom  whilst  the  products  of  combustion  escape 
at  the  top.  The  solid  contents  are  melted  and  are  tapped 
out  through  holes  provided  at  the  bottom  of  the  furnace, 
and  nothing  can  leave  the  furnace  unless  it  be  in  the  gaseous 
or  liquid  condition. 

Chemical  Changes. — Pig-iron  is  produced  on  a  large  scale 
from  the  ores  which  have  been  already  described,  and  what- 
ever may  be  the  condition  of  the  iron  in  the  ore,  it  is  always  as 
oxide  that  it  enters  the  furnace.  The  chemical  reactions  which 
occur  in  the  smelting  of  iron  are  very  simple,  involving  only  the 
reduction  of  ferric  oxide  by  carbon  or  carbonic  oxide ; 
but  the  product  obtained  by  the  reduction  is  a  sponge  of 
malleable-iron,  enclosing  the  refractory  gangue  or  earthy 
matters  accompanying  the  ore,  and  this  spongy  iron  is 
infusible.  To  produce  pig-iron  the  reduced  iron  must  be 
combined  in  the  blast  furnace  with  a  proportion  of  carbon  and 
silicon,  whereby  the  metal  becomes  more  fusible,  and  so 
separable  by  fusion  from 'the  gangue  accompanying  the  ore. 
To  prevent  the  loss  of  iron  arising  from  the  formation  of  rich 
ferrous  silicates  by  unreduced  oxide  of  iron  combining  with  the 
silica  present,  a  flux  is  added  to  the  charge  to  combine  with 
the  siliceous  matters  of  the  ore,  and  thus  prevents  the  forma- 
tion of  iron  silicates  (which  are  only  reducible  with  difficulty), 
and  leave  the  ferric  oxide  in  a  state  to  be  readily  reduced 
by  the  carbonic  oxide  in  the  furnace,  or  by  the  carbon  of 
the  fuel.  Thus  to  extract  the  whole  of  the  iron,  a  temperature 
above  redness  must  be  employed,  and  a  flux  must  be  added 
to  form  a  fusible  slag  with  the  gangue  of  the  ore. 

The,  gangue  accompanying  iron-ores  is  usually  either  of 
a  siliceous  or  of  an  argillaceous  character,  and  is  infusible 
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at  the  highest  temperature  of  the  blast  furnace  ;  but  by  the 
addition  of- lime  to  the  charge  comparatively  fusible  silicates 
of  lime  and  alumina  are  produced.  At  the  high  temperature 
necessarily  maintained  in  the  blast  furnace,  the  reduced 
iron  combines  with  an  amount  of  carbon  derived  from  the 
incandescent  fuel  in  the  furnace,  or  from  the  finely -divided 
carbon  with  which  the  mass  of  ore  in  the  furnace  is  impreg- 
nated, and  pig-iron  results. 

When  the  blast-furnace  is  in  regular  work  ("in  blast "), 
it  must  be  kept  filled  to  the  top  or  throat  with  the  mixture 
of  fuel,  ore,  and  flux,  fresh  materials  being  added  to  the  top 
as  the  charge  sinks  down.  At  the  same  time,  the  blast 
entering  through  the  tuyeres  near  the  bottom  of  the 
furnace  is  constantly  and  uninterruptedly  supplied,  except 
when  tapping  the  furnace,  or  (sometimes)  when  opening  the 
fumafce  top  to  introduce  the  charge.  The  blast  should  be 
delivered  at  sufficiently  high  pressure  to  pass  freely  through  the 
whole  charge,  and  for  this  a  pressure  of  from  3  lb.  to  12  lb.  per 
sq.  in.  in  furnaces  employing  coke  as  the  fuel,  or  from  IJ  lb. 
to  2  lb.  per  sq.  in.  in  those  consuming  charcoal,  is  required 
according  to  the  size  of  the  furnace. 

Redaction  of  Oxide. — The  action  of  the  blast  furnace 
begins  immediately  the  blast  from  the  tuyeres  meets  the 
incandescent  fuel  (coke  or  charcoal).  The  oxygen  of  the 
blast  is  consumed  within  a  small  distance  of  the  tuyeres, 
carbon  -  monoxide  being  produced  and  a  large  amount 
of  heat  evolved.  The  temperature  is  so  high  that 
no  carbon-dioxide  is  produced,  and  if  it  were  it  would  be 
at  once  decomposed.  The  gas  which  ascends  the  furnace 
consists,  therefore,  of  a  mixture  of  carbon  monoxide  and 
nitrogen  from  the  air.  As  air  contains  21  per  cent,  by  volume 
of  oxygen,  and  as  carbon-monoxide  occupies  just  twice 
the  volume  of  the  oxygen  which  it  contains,  the  ascending 
gas  will  contain  79  parts  of  nitrogen  to  42  parts  of  carbon- 
monoxide,  or  65*3  per  cent,  nitrogen  and  34'7  per  cent,  of 
carbon-monoxide,  together  with  a  small  quantity  of  hydrogen 
from  the  decomposition  of  water  in  the  blast.  The  carbon- 
monoxide  is  the  principal  and  active  reducing  agent  of  the 
blast  furnace,  and  it  ascends  along  with  the  heated  nitrogen 
introduced  with  the  blast  of  air,  together  with  smaller 
quantities  of  other  gases,  such  as  hydrogen,  etc.,  it  gradually 
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cools  and  imparts  its  heat  to  the  descending  charge.  The  ore 
is  in  a  porous  condition  from  its  previous  calcination,  or  from 
being  heated  in  the  upper  portions  of  the  furnace,  and  is  thus  in 
a  state  highly  favourable  to  its  permeation  by  the  current  of 
ascending  reducing  gases,  and  therefore  to  the  reduction  of  the 
iron.  The  reduction  of  the  iron  is  mainly  effected  by  the 
carbon-monoxide,  which  is  converted  thereby  into  carbon- 
dioxide.  Thus  FcjO^  +  3C0  =  SCOg  +  2Fe,  whilst  possibly  a 
small  proportion.of  the  iron  may  also  be  reduced  from  the  ferric 
oxide  (Fe^Og)  by  the  direct  action  of  carbon,  at  the  high  temper- 
ature of  the  furnace.  The  nitrogen  and  other  gases  which  do  not 
act  as  reducing  agents  assist  by  their  sensible  heat  to  raise 
the  temperature  of  the  materials  in  the  upper  part  of  the 
furnace ;  and  hence  the  higher  the  furnace  the  more  per- 
fectly is  the  heat  absorbed  from  the  ascending  gaseous  cur- 
rent, with  a  corresponding  decrease  in  the  temperature  of 
the  gases  escaping  from  the  top  of  the  furnace,  although  the 
escaping  gases  from  both  the  high  and  the  low  furnaces  may 
contain  the  same  percentage  of  combustible  gas,  and  yield 
as  much  heat  upon  their  subsequent  combustion. 

As  the  reduction  of  the  iron  by  carbon-monoxide  begins 
at  a  temperature  below  that  at  which  carbon-dioxide  is 
decomposed  by  carbon,  the  carbon-dioxide  formed  escapes 
in  the  waste  gas.  The  whole  of  the  oxide  of  iron  should  be 
reduced  by  carbon-monoxide  before  the  temperature  is  high 
enough  for  the  carbon  to  decompose  the  carbon-dioxide  ;  that 
is,  about  a  red  heat.  Any  oxide  of  iron  which  is  not  so  reduced 
will  either  be  reduced  by  the  solid  carbon  of  the  fuel 
or,  if  by  carbon-monoxide,  the  carbon-dioxide  formed  will  be 
decomposed,  in  either  case  causing  a  loss  of  carbon  by  oxidis- 
ing it  near  the  top  of  the  furnace,  where  it  is  not  required, 
instead  of  at  the  tuyeres.  When  all  the  iron  is  being  re- 
duced by  carbon- monoxide,  the  ratio  of  carbon-dioxide  to 
carbon-monoxide  in  the  waste  gas  (by  volume)  will  be  about 
1:2.  As  the  gas  contains  a  large  percentage  of  carbon -mon- 
oxide it  is  always  combustible. 

The  limestone  added  to  a  flux  is  decomposed  at  a  red 
heat,  and  the  carbon-dioxide  evolved  is  decomposed  by  the 
hot  carbon,  and"  therefore  leaves  the  furnace  as  carbon-mon- 
oxide and  consumes  a  small  quantity  of  carbon. 

The  reduction  of  the  iron  is  probably  not  quite  so  simple. 
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but  probably  takes  place  in  stages  as  the  temperature  rises, 
lower  oxides  being  formed  as  intermediate  products. 

Carburisation  of  the  Iron. — The  iron  thus  reduced  is 
accompanied  in  its  descent  towards  the  furnace  hearth 
by  the  earthy  matters  of  the  ore,  and  lime  from  the 
limestone  added  as  flux,  and  during  the  descent  of 
the  iron  it  is  further  carburised  by  contact  with  the 
heated  carbon,  or  by  the  decomposition  of  carbonic  oxide 
with  separation  of  free  carbon,  thus  200  =  C  +  COo, 
an  action  which  takes  place  readily  in  high  temperatures 
in  presence  of  free  iron.  Then  the  fusible  compound  of  iron 
with  carbon  and  other  impurities  constituting  pig-iron  sinks 
down  and  collects  in  the  hearth  of  the  furnace,  above  which, 
in  virtue  of  its  lower  specific  gravity,  floats  the  fusible  slag, 
which  is  formed  when  the  earthy  constituents  of  the  ore 
and  the  lime  from  the  flux  are  heated  to  a  high  temperature, 
and  which  protects  the  metal  in  the  hearth  from  the  decar- 
burising  influence  of  the  blast  which  enters  above  it. 

Reduction  of  Other  Constituents. — The  whole  of  the  phos- 
phorus, whether  derived  from  the  ore,  fuel,  or  fluxes,  finds  its 
way  into  the  pig-iron  produced  in  the  blast  furnace,  so  that  the 
only  way  to  obtain  an  iron  free  from  phosphorus  is  to  use 
phosphorus  free  materials.  The  reduction  of  the  phosphorus 
is  probably  due  to  the  presence  of  silica. 

Manganese  occurring  in  the  iron-ores  will  be  found  partly 
in  the  resulting  pig-iron  and  partly  in  the  blast  furnace  slag, 
as  a  rule  about  one  half  going  into  the  iron  and  the  remainder 
into  the  slag. 

The  sulphur  in  the  ore  is  largely  expelled  during  calcina- 
tion, but  such  as  enters  the  blast  furnace  is  found  along  with 
that  in  the  fuel  or  fluxes,  either  in  the  resulting  pig-iron  or 
in  the  slags,  according  as  the  slag  is  calcareous  or  siliceous  in 
character.  When  lime  is  in  excess  in  the  furnace,  the  sulphur 
tends  to  pass  into  the  slag  as  calcium  sulphide,  especially  if 
the  temperature  be  high  ;  but  if  the  temperature  be  low,  iron 
sulphide  is  more  stable  and  tends  to  pass  into  the  iron.  Hence, 
white  iron,  which  is  produced  at  a  lower  temperature  than 
grey  iron,  is  usually  more  sulphurous  than  grey  iron,  so  that 
a  high  temperature  with  a  liberal  use  of  lime  are  the  con- 
ditions favourable  to  the  make  of  grey  pig  and  the  elimination 
I  of   sulphur   from   the    iron,  whilst  a  proportionately  larger 
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percentage  of  sulphur  will  occur  in  the  slag  than  is  found  with 
the  lower  temperature  accompanying  the  make  of  white  iron. 
The  larger  proportion  of  the  sulphur  always  goes  into  the  slagjj 
a  comparatively  small  quantity  going  into  the  iron. 

A  comparatively  high  temperature  is  necessary  to  reduce 
silicon,  and  the  higher  the  temperature  of  the  furnace  the 
richer  in  silicon  is  the  resulting  pig-iron  likely  to  be  ;  thus  the 
higher  grades  {i.e.  lower  numbers)  of  iron,  which  are  always 
produced  at  higher  temperatures,  are  more  siliceous  than  the 
lower  grades.  Too  high  a  temperature  and  not  enough  lime 
will  sometimes  produce  a  metal  having  a  finely  crystalline 
fracture  and  a  bright  lustre  ;  such  pig  is  known  as  glazed  or 
glazy  pig,  and  it  contains  a  high  percentage  of  silica.  Such 
pig  is  almost  worthless  either  for  foundry  or  forge  use,  and  the 
remedy  for  a  furnace  producing  such  metal  is  either  to  lower 
the  temperature  of  the  blast,  which  is  the  most  convenient 
method,  or  to  attain  the  same  end  by  increasing  the  burden 
of  the  furnace,  and  at  the  same  time  it  increases  the  amount 
of  lime  in  the  charge.  Such  irons  are  made  for  special  pur- 
poses, and  are  then  known  as  silicon  irons. 

Manganese  is  always  partially  reduced,  in  general  about 
one-half  passing  into  the  iron.  The  conditions  which  favour 
the  reduction  of  manganese  are  a  high  temperature  and  a 
basic  slag,  since  if  the  slag  is  siliceous  it  will  tend  to  carry 
a  large  percentage  of  manganese. 

Ferromanganese  requires  for  its  production  a  blast  of 
the  highest  possible  temperature  that  can  be  produced  in 
fire-brick  stoves,  while  the  consumption  of  fuel  is  exceed- 
ingly high,  amounting  to  about  3J  tons  of  coke  per  ton  of 
metal  (80  per  cent,  manganese) ;  a  furnace  that  could  yield 
from  50  to  60  tons  of  ordinary  pig-iron  per  day  yields  only 
12  to  20  tons  of  ferromanganese  per  day.  Of  the  manganese 
present  in  the  furnace  charge,  from  60  to  70  per  cent,  only  is 
reduced  and  passes  into  the  ferromanganese,  while  the  re- 
mainder passes  largely  into  the  slag,  but  a  portion  also  is 
most  probably  volatilised  at  the  high  temperature  employed. 

Chromium  is  very  difficult  to  reduce,  a  very  high  tem- 
perature being  required,  so  that  each  ton  of  ferro-chrome  will 
require  the  consumption  of  three  or  four  tons  of  coke.  The 
whole  of  the  chromium  should  be  reduced  or  the  slags  will  be 
thick  and  viscid.    As  this  is  not  always  possible,  fluor  spar  or 
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other   fluxes   are   added   to    increase    the    fluidity    of    the 
slags. 

Cyanides. — The  blast  lumace  when  at  work  always  con- 
tains cyanides.  Some  of  the  alkalies — soda  and  potash — 
probably  present  as  carbonates,  are  always  reduced.  The 
alkali  metal  in  contact  with  carbon  and  nitrogen  of  the  air 


26.— Temperature  Reactions  in  Blast  Furnace. 


forms  cyanide  :  Na  +  C  4-  N  =  NaCN.  This  is  volatilised, 
but  is  condensed  before  it  reaches  the  top  of  the  furnace,  and 
is  brought  down  again  only  to  be  re-volatilised.  So  the 
cyanides  in  the  furnace  tend  to  accumulate.  When  the  tap- 
hole  is  opened,  some  is  often  blown  out,  and  forms  a  white 
incrustation  on  the  furnace-front.  Some  authorities  think 
that  these  cyanides  assist  in  the  reduction  of  the  iron. 
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Temperature  and  Zones  of  Blast  Furnace.— The  changes 
which  take  place  in  the  blast  furnace  are,  of  course,  largely 
determined  by  the  temperature  of  the  furnace.  The  tem- 
perature is  highest  at  the  zone  of  combustion  just  opposite 
the  tuyeres,  and  the  ascending  gases  are  cooled  by  the  descend- 
ing charge,  so  that  the  temperature  at  the  top  of  the  furnace 
will  not  be  visibly  red,  usually  about  300°  C.  or  thereabouts. 
The  reduction  of  oxide  of  iron  by  carbon  monoxide  begins 
at  about  300°  C.  and  becomes  much  more  rapid  as  the  tem- 
perature rises,  so  that  the  conditions  at  the  top  of  the  furnace 


Figf.  27. — Zones  of   Action  in   the  Blast   Furnace    Indicated 

by  Diagram. 

are  very  favourable  for  reduction,  carbon  monoxide  being  in 
large  excess. 

In  the  zone  a  (Fig.  27)  at  the  top  of  the  furnace  the  new 
charge  is  in  course  of  being  heated  by  the  ascending  gases, 
and  within  20  ft.  from  the  throat  the  charge  has  attained  to 
a  dull  red  heat,  and  the  whole  of  its  iron  is  reduced  by  carbonic 
oxide,  with  the  production  of  a  spongy  metallic  mass.  This 
is  the  upper  zone  of  reduction.  Here  also  moisture  will 
be  expelled,  and  if  coal  is  being  used  as  fuel,  gas  and  volatile 
matter  will  also  be  expelled.  In  the  zone  h  the  furnace  is 
at  a  red    heat,  and  the   carbon-dioxide  is  being  expelled 
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from  the  limestone,  and  coming  in  contact  with  the  hot 
carbon  will  be  reduced  to  carbon-monoxide ;  at  c  theie  is 
a  full  red  heat,  and  the  spongy  metal  begins  to  combine  with 
carbon,  either  from  that  which  has  been  deposited  by  decom- 
position of  carbon-monoxide,  or  partly  from  the  incandescent 
fuel,  etc.  This  absorption  of  carbon  continues  through  the 
next  zone  d,  which  is  at  a  bright  red  heat,  and  where  it  is 
probable  also  that  the  reduction  of  sulphur,  silicon,  phos- 
phorus, etc.,  of  the  charge,  and  its  combination  with  the 
iron,  is  effected;  at  e — the  bosh  of  the  furnace — the  tem- 
perature has  reached  full  whiteness,  and  is  sufficient  to 
effect  the  combination  and  fusion  of  the  slag  -  producing 
materials ;  whilst  in  the  lowest  zone  /,  or  hearth  of  the  furnace, 
the  slags  are  thoroughly  fused,  and  separate  accordingly 
from  the  pig-iron ;  the  iron  sinks,  and  collects  as  the  lowest 
layer  on  the  bottom  of  the  furnace,  where  it  is  protected 
from  the  action  of  the  blast  by  the  layer  of  fluid  slag  above  it. 

The  production  from  a  given  blast  furnace  is  not  per- 
fectly under  control,  but  generally  white  iron  is  produced  when 
the  furnace  is  worked  at  a  low  temperature,  and  with  heavy 
burdens — that  is,  with  a  large  proportion  of  ore  to  fuel,  and 
a  fusible  slag,  as  under  these  conditions  the  quantity  of  silicon 
reduced  is  small,  whilst  a  considerable  amount  of  sulphur 
may  pass  into  the  iron.  With  an  increased  temperature  and 
lighter  burdens  the  pig-iron  is  usually  grey  and  more  siliceous. 
Hence,  to  obtain  an  increased  make  from  the  same  materials 
whilst  maintaining  the  quality  of  the  pig-iron,  the  other 
conditions  of  ore  and  charging  remaining  the  same,  it  is 
necessary  to  enlarge  the  furnace.  If  the  make  be  increased 
by  heavier  burdening,  other  conditions  remaining  the  same, 
the  quality  of  the  pig-iron  is  deteriorated,  often  turning 
the  make  into  white  iron,  with  the  production  at  the  same 
time  of  a  scouring  slag  containing  ferrous  silicate.  The 
nature  and  quality  of  the  slag  produced  in  the  furnace  varies 
with  the  quality  of  the  metal  produced. 

Blast  Furnace  Slags. — The  gangue  or  earthy  matters  of 
the  ore,  consisting  chiefly  of  quartz  (siHca),  clay  (aluminous 
silicates),  or  of  calcium  carbonate,  together  with  the  earthy 
matters  or  ash  of  the  fuel,  are  separately,  quite  infusible 
or  fusible  only  with  difficulty  ;  and  therefore  it  is  necessary 
to  add  some  substance  (flux)  capable  of  combining  with  them 
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to  produce  readily  fusible  compounds  or  slags.  As  the  gangue 
to  be  fluxed  away  is  usually  silica,  or  clay  (a  silicate  of  alumina), 
and  by  the  addition  of  lime,  fusible  silicates  of  lime  or  lime  and 
alumina  can  be  produced,  lime  being  added  for  convenience 
in  the  form  of  limestone,  a  carbonate.  To  reduce  the  amount 
of  limestone  needed  different  iron  ores  often  are  mixed  to- 
gether, the  gangue  of  the  one  acting  as  a  flux  to  the  other. 
For  instance,  by  the  judicious  mixing  of  siliceous  and  cal- 
careous haematites,  or  by  the  addition  of  argillaceous  ores  to 
such  a  mixture,  the  necessary  slag  is  produced,  without  the 
addition  of  a  large  amount  of  limeatone.  Some  of  the  red 
haematites  of  Sweden,  etc.,  contain  sufficient  calcareous  matter 
to  act  as  the  flux  ;  they  are  accordingly  very  economical  in 
fuel,  and  are  known  as  "  self-going  "  or  "  self-fluxing  "  ores. 

The  nature  and  quantity  of  the  flux  depends  accordingly 
upon  the  character  and  composition  of  the  gangue  accom- 
panying the  ore ;  for  a  gangue  containing  silica  clay  or  similar 
material  Hmestone  is  the  flux  always  employed.  Without  a 
flux  the  silica  alone  is  infusible,  but  would  at  the  hottest  zone 
of  the  furnace  combine  with  ferrous  oxide  from  the  ore  to 
produce  a  fusible  ferrous  silicate,  the  iron  in  which  would 
escape  reduction.  When  limestone  is  added,  it  becomes  con- 
verted by  the  heat  into  caustic  lime,  and  then  combines  with  the 
silica  and  alumina  of  the  ore,  producing  a  fusible  double 
silicate  of  lime  and  alumina,  to  the  practical  exclusion  of 
iron  from  the  slag.  For  ore  having  a  quarfczose  or  siliceous 
gangue,  such  as  the  haematite  ores  of  Lancashire,  Cumberland, 
etc.,  both  lime  and  argillaceous  matters  are  often  added,  the 
last  mentioned  often  in  the  form  of  an  iron-ore  (such  as 
Antrim)  which  contains  alumina.  Bauxite,  a  mineral  contain- 
ing about  57  per  cent,  of  alumina  and  25  per  cent,  of  ferric 
oxide,  is  another  flux  sometimes  used  for  siliceous  ores. 
With  the  very  high  temperature  now  used  in  blast  furnace 
working,  the  slags  are  essentially  silicates  of  lime,  the  quantity 
of  alumina  being  small  except  when  clay  ironstones  or  argil- 
laceous ores  are  being  smelted,  and  argillaceous  fluxes  are 
little  used  except  in  districts  where  small  furnaces  are 
in  use. 

Highly  fossiliferous  limestones  contain  much  earthy 
phosphates  and  pyrites,  and  so  are  to  be  avoided  as  fluxes  ; 
and  dolomites   (magnesian  limestone)   are  also  undesirable, 
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since  magnesia  decidedly  diminishes  the  fusibility  of  blast 
furnace  slags. 

The  use  of  caustic  lime  instead  of  raw  limestone  has  been 
suggested,  but  it  is  rarely  employed.  The  lime  is  considerably 
lighter  than  the  limestone,  but  it  is  powdery  and  troublesome 
to  handle.  Probably  it  absorbs  carbon  dioxide  at  the  top 
of  the  furnace,  thus  being  converted  into  carbonate,  which 
is  decomposed  again  as  the  temperature  rises.  There  is, 
therefore,  no  saving  of  heat.  In  rare  cases  the  limestone  is 
added  to  the  kiln  and  calcined  with  the  ore,  but  this  does 
not  seem  to  be  any  advantage. 

ANAL^ftroi  OF  Blast  FuRN^ip  Slags.      ^^^^  i^ 
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B          C 
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65 
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100-68 

1 

99-4 

100*35 

— 

1 

100*35 

i 

98-76 

100*00 

10000 

A. — From  Dowlais  making  grey  iron  (Riley).  B. — From  Dowlais  mak- 
ing white  iron  (Riley).  C. — Cold  blaist  furnace  working  with  coke 
(Percy).  D. — Cleveland  slag.  E. — Producing  grey  Bessemer  iron  slag, 
disintegrates  in  air.  F. — Scotch  slag.  G. — R-om  Cleveland  ores  (Bell). 
H. — Scouring  cinder.  South  Wales  pig  (Nord). 

Slags  from  the  blast  furnace  differ  in  physical  character 
according  to  the  nature  of  the  ore  and  the  fuel ;  to  the  quality 
of  the  pig-iron  being  produced  ;  and  also  as  the  burden  of 
the  furnace  varies  from  light  to  heavy.  Blast  furnace  slags 
are  usually  double  silicates  of  lime  and  alumina,  of  the  com- 
position represented  by  the  formula  2R0,  SiOo  where  R  is 
usually  partly  lime  and  partly  alumina,  the  lime  almost 
always  being  in  large  excess.  A  typical  formula  3(2CaO,Si02) 
4-  2Al2033Si02,  in  which  the  two  bases  are  in  equivalent 
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proportions,  is  often  given,  but  is  rarely  met  with  in  practice. 

M^jj^^^ceous  slag  is  often  produced  by  charcoal  furnaces; 

^•^^^^  Js  always  more  or  less  replaced  by  magnesia  (MgO), 

\    oxide   (MnO),   and  in   the   case  of    "  scouring 
ferrous  oxide,  whilst  the  silica  also  sometimes 
ced  to  a  small  extent  by  alumina ;    the  slags 
|i  small  quantity  of  potash  and  soda.     Slags 
^  l"  larger  proportion  of  manganous  oxide,  or  of 
^^..r^^ently  contain  also  a  larger  proportion  of  sulphur. 
The  colour  of  blast  furnace  slags  varies  from  white  or 
Jpy,  through  varying  shades  of  brown,  yellow,  green,  and 
-^ue,  to  black.     Generally  a  white  or  grey  slag  is  indicative 
^^^  of  a  furnace  producing  grey  iron,  and  working  upon  a  light 
burden ;    whilst    dark-coloured  or  black  slags  result  when 
the  furnace  is  making  white  iron  and  working  upon  a  heavy 
burden  or  a  highly  siliceous  iron  with  a  very  siliceous  slag ; 
but  the  colours  oi  the  slags  are  also  influenced  by  the  bases 
present.    Metallic    oxides    give   the   slags   their   distinctive 
tints-;    for    instance,    the    presence    of    small    proportions 
of    manganous    oxide    in    the    slag    produced    during    the 
smelting   of   manganiferous   haematites   gives   an   amethyst 
tint,  which,  however,  is  not  apparent  when  the  slag  is  vesicular 
or  pumice-like  in  structure.    Manganous  sulphide  also  imparts 
a  yellow  or  brownish-green  colour  to  the  slag,  and  the  pres- 
ence of  excessive  proportions  of  alumina  manifests  itself  in 
the  production  of  an  opalescent  slag,  such  as  is  frequently 
observed  in  Staffordshire  from  furnaces  smelting  clay  iron- 
stone.   Lime,  when  in  considerable  proportions,  is  indicated 
by  a  dull,  stony  fracture  of  the  slag,  and  if  it  becomes  excessive, 
— i.e.  more  than  that  required  for  the  formula  2CaO,Si02 ; 
free  lime  separates  as  the  slag  solidifies,  and  therefore  on 
exposure  to  a  damp  atmosphere  it  disintegrates  and  falls 
to  powder ;   such  slags,  when  ground  and  mixed  with  about 
one-fourth  of   their   weight   of   caustic  lime,  yield  a  good 
cement  or  mortar  for  building  purposes.     Slags  containing 
a  large  proportion  of  lime  also  take  up  a  considerable  quantity 
of   the  sulphur  present  in  the  fuel  and  in   the   ore,  with 
the  production  of  calcium  sulphide,  the  presence  of  which 
is  evidenced  by  the  evolution  when  the  slag  is  quenched 
with  water  of  the  characteristic  odour  of  sulphuretted  hydro- 
gen (HgS),  or  of  sulphurous  anhydride  (SOo)  if  the  slag  be 
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not  so  far  cooled  as  to  prevent  the  escaping  gas  (HgS)  from 
taking  fire  on  coming  into  contact  with  the  atmosphere. 
A  similar  liberation  of  sulphuretted  hydrogen  occurs  when 
barium  or  manganous  sulphide  is  present  in  the  slag  which  is 
treated  with  water. 

The  appearance  of  the  slag  depends  largely  on  the  molecular 
condition  induced  by  the  varying  rapidity  or  method  of  its 
cooling.  Thus  a  slag  which  has  been  cooled  quickly  will  be 
vitreous  and  have  conchoidal  fracture,  and  be  more  or  less 
translucent  on  the  thinner  sections,  whilst  if  a  similar  slag  be 
cooled  more  slowly  it  will  show  on  fracture  dull,  stony,  and 
opaque,  and  the  same  slag  if  allowed  to  flow  over  damp 
sand  or  through  water  will  become  changed  to  a  vesicular, 
brittle,  friable,  and  pumice-like  mass,  from  the  action  of  the 
steam  passing  through  it. 

The  fusibility  and  fluidity  of  the  slag  also  to  some  extent 
indicate  the  working  of  a  furnace  ;  under  the  same  general 
conditions  a  refractory  slag  means  grey  iron,  and  a  very 
fusible  slag  white  iron.  Slags  which  flow  in  continuous, 
steady,  but  more  or  less  viscous  streams,  passing  slowly  from 
the  liquid  to  the  solid  state,  are  often  produced  when  a 
furnace  is  working  upon  light  burdens,  and  have  generally  a 
grey  or  whitish  colour  ;  whilst  heavy  burdens  and  a  reduced 
temperature  of  the  furnace  are  accompanied  by  a  scouring 
slag  or  cinder,  flowing  as  freely  as  water,  and  readily  solidifying 
without  passing  through  the  viscous  condition.  These  scour- 
ing slags  are  often  also  of  a  dark-green  or  greenish-black 
colour  from  the  presence  of  ferrous  oxide. 

Thermal  Phenomena  of  the  Blast  Furnace.— The  heat 
which  is  supplied  to  the  blast  furnace  is  used  in  various 
ways,  and  it  is  of  great  importance  to  know  what  becomes  of 
the  heat  so  as  to  be  able  to  judge  the  economy  with  which 
the  furnace  works. 

Heat  is  supplied  by  the  combustion  of  the  fuel,  and  by 
the  heat  carried  in  by  the  blast,  which  is  now  always  used  hot, 
and  the  heat  is  either  utilised  in  producing  chemical  changes 
within  the  furnace,  carried  ofi  with  the  products  from  the 
furnace,  or  lost  by  oxidation  or  otherwise. 

Sir  Lowthian  Bell,  from  a  series  of  experiments,  made  out 
an  estimate  of  the  amount  of  heat  required  to  work  a  blast 
furnace   under  the  ordinary  Middlesbrough   conditions,  and 
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this  estimate  will  give  a  very  good  idea  of  the  way  in  which 
the  heat  is  utilised.  It  is  calculated  for  20  parts  (lb.  or  other- 
wise) of  iron  obtained,  the  heat  units  used  being  the  1  lb. 
Centigrade  units — that  is,  the  amount  of  heat  required  to  raise 
1  lb.  of  water  1°  C.  Notes  are  attached  explaining  the  mean- 
ing of  each  item. 

HEAT 
L«.  UNITS. 

(1)  Evaporation  of  water  in  coke    .         .         .  -58  x  540  =  313 

(2)  Reduction  of  186  lb.  of  iron  from  FegOa  .  18-6     x  1,780  =  33,108 

(3)  Carbon  impregnation        ....  -6     x  2,240  =  1,440 

(4)  Expulsion  of  COn  from  limestone      .         .11        x  370  =  4,070 

(5)  Decomposition  of  CO2  from  limestone       .  1-32  x  3,200=  4,224 

(6)  Decomposition  of  water  in  blast       .         .  '05  x  34,000  =  1,700 

(7)  Reduction  of  phosphoric  acid,  silica,  etc.  3,500 

(8)  Fusion  of  Pig 20        x  330  =  6,600 

(9)  Fusion  of  Slag 15,356 

Heat  usefully  used    .         .         .  70,311 

(10)  Transmission  through  walls  of  furnace      .        .        .     3,600 

(11)  Carried  off  in  tuyere  water 1,800 

(12)  Expansion  of  blast  and  escape  into  foundiitions         .     3,389 

(13)  Carried  off  in  gas 7,900 

87,000 

The  heat  is  obtained  mainly  by  the  combustion  of  the 
coke.  If  carbon  be  burned  to  carbon  dioxide,  it  will  evolve 
8,(XX)  units  of  heat,  but  if  it  be  burned  to  carbon  monoxide 
it  will  evolve  only  2,400  units  of  heat.  At  the  tuyeres  it  is 
burnt  to  carbon  monoxide  only,  but  other  oxidations — mainly 
reduction  of  the  oxide  of  iron — go  on  higher  up  the  furnace, 
so  that  the  gas  which  leaves  the  furnace  contains  about  one- 
third  of  its  carbon  in  the  form  of  carbon  dioxide  and  two- 
thirds  as  carbon  monoxide.  The  average  heating  value  of  a 
pound  of  carbon  so  burnt  will  obviously  be  : — 


(1    X   8,000)   +  (2   X   2,400)  __ 
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The  coke  which  is  consumed  may  be  taken  as  containing 
90  per  cent,  of  carbon,  so  that  the  average  heating  value  of 
1  lb.  of  coke  will  be  4,266  x  -9  =  3,840  units.  The  heat  carried 
in  by  the  blast  at  540°  C.  may  be  taken  as  being  12,000  units 
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for  each  20  lb.  of  iron,  so  that  87,000  -  12,000  =  75,000  will 
be  the  amount  of  heat  to  be  supplied  by  the  fuel,  and  to  supply 

75  000 
this  "o  oi^  =  19*53  lb.  of  coke  will  be  required. 

The  figures  will,  of  course,  vary  with  the  conditions  of 
working,  but  those  given  above  apply  to  the  special  case. 

Notes  on  Items  of  Heat  Absorption. 

(1)  Roughly  speaking,  20  lb.  of  coke  will  be  required  for 
20  lb.  of  iron  produced,  so  that  '58  lb.  of  water  would  be  2*9 
per  cent. — a  very  low  estimate ;  540  is  the  latent  heat  of 
steam. 

(2)  Pig  iron  is  not  pure.  Here  it  is  assumed  to  contain 
93  per  cent,  of  iron,  so  that  the  20  lb.  of  pig  iron  would  only 
contain  18*6  lb.  of  pure  iron.  The  reaction,  FcoOs  +  3C0 
=  2Fe  +  SCOo,  is  obviously  made  up  of  two  portions  : 
the  decomposition  of  FcgOg,  which  absorbs  heat,  and  the 
oxidation  of  CO  to  COg,  which  evolves  heat.  Account  is 
taken  of  the  latter  in  the  heat  evolved  by  the  combustion  of 
the  fuel,  so  that  it  is  only  the  heat  absorbed  that  is  taken  into 
account  here. 

(3)  It  is  assumed  that  the  carbon  is  obtained  by  the  de- 
composition of  carbon-monoxide  :  2C0  =  C  +  COo.  The 
formation  of  carbon-dioxide,  of  course,  evolves  heat,  but  this 
is  taken  into  account  as  before  with  the  fuel. 

(4)  The  Hmestone  is  spUt  up  into  CaO  and  CO^.  It  is 
assumed  that  55  lb.  of  Hmestone  is  added  for  each  100  lb. 
of  iron  obtained. 

(5)  The  11  lb.  of  limestone  added  for  each  20  lb.  of  iron 
will  contain  1*32  lb.  of  carbon  as  carbon-dioxide,  the  reduction 
of  this  to  carbon-monoxide,  COg  -f  C  =  2C0,  will  absorb  3,200 
units  of  heat  for  each  pound  of  carbon.  The  formation  of  the 
carbon-monoxide  will,  of  course,  evolve  some  heat ;  but  this 
is  accounted  for  by  the  combustion  of  the  fuel. 

(6)  The  air  is  never  free  from  moisture.  Assuming  it  to 
contain  '05  lb.  of  hydrogen  for  each  20  lb.  of  iron,  the  heat 
absorbed  by  the  decomposition  of  the  water,  H3O  -^  C  = 
2H  +  CO,  will  be  that  given  in  the  table.  Here,  again,  the 
formation  of  carbon-monoxide  will  evolve  some  heat,  but  as 
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the  carbon  comes  from  the  fuel  this  will  be  accounted  for  in 
the  heat  of  combustion  of  the  fuel. 

(7)  Reduction  of  minor  constituents  will  absorb  heat. 
The  actual  amount  could  be  calculated  if  the  amount  of  each 
constituent  was  given. 

(8)  Fusion  of  pig  iron. — The  latent  heat  of  fusion  of  pig- 
iron,  together  with  the  heat  required  to  raise  it  to  the 
melting  point,  is  taken  as  330. 

(9)  The  latent  heat  of  slag  used  is  not  given. 

(10)  Can  only  be  roughly  estimated. 

(11)  The  water  used  to  cool  the  tuyeres  becomes  warmed 
and  carries  away  heat. 

(12)  Can  only  ba  roughly  estimated. 

(13)  The  gas  consists  of  carbon  monoxide  and  hydrogen 
from  the  fuel,  carbon  monoxide  from  the  carbon  dioxide  of 
the  limestone,  carbon  dioxide  from  the  reduction  of  the  oxide 
of  iron,  and  water  vapour  from  moisture  in  the  charge.  The 
amounts  of  these  could  be  calculated  if  data  were  given. 

Efficiency  of  the  Blast  Furnace.— The  blast  furnace  is  a 
very  efficient  machine.  Of  the  heat  carried  into  the  furnace 
— say,  87,000  units — ^no  less  than  70,311,  or  about  81  per  cent., 
is  usefully  used ;  that  is,  used  in  producing  reactions  that 
are  necessary  to  the  working  of  the  furnace  ;  and  the  remainder 
is  carried  away  in  such  ways  as  cannot  be  considerably  re- 
duced. 

If  the  19*53  lb.  of  fUel  were  completely  burnt  to  carbon 
dioxide  it  would  evolve  156,000  units  of  heat  instead  of 
75,000,  so  that  the  difference  (81,000  imits)  can  be  obtained 
by  the  combustion  of  the  gas  evolved  from  the  blast  furnace. 
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CHAPTER   VIII. 

THE   BLAST  FURNACE   AND   ITS   ACCESSORIES. 

The  Modern  Blast  Furnace. — The  modem  blast  furnace  used 
for  smelting  iron  ore,  as  seen  from  outside,  is  a  cylindrical  or 
slightly  conical  structure  of  iron,  carried  on  iron  columns  pro- 
vided at  the  top,  with  an  overhanging  gallery,  and  the  lower 
portion  with  pipes  supplying  air  and  water  (see  Fig.  28). 
Fig.  29  is  a  section  showing  the  furnace  when  empty.  It 
consists  of  a  casing  of  iron  or  steel  plate,  lined  inside  with 
bricks  to  a  thickness  of  about  3  ft. 

The  furnace  has  its  greatest  diameter  at  about  one-third 
its  height,  and  narrows  both  upwards  and  downwards.  The 
opening  at  the  top  or  throat  is  about  two-thirds  the  greatest 
diameter,  and  the  furnace  may  either  narrow  uniformly 
to  that ;  the  upper  portion  being  the  frustum  of  a  cone,  or  it 
may  slope  much  less,  and  be  quickly  contracted  near  the  top. 
This  upper  portion  of  the  furnace  is  called  the  shaft.  From  its 
widest  part,  the  furnace  narrows  more  rapidly  downwards 
to  about  half  the  greatest  diameter,  and  this  portion,  which 
is  in  the  form  of  an  inverted  cone,  is  called  the  bosh,  which 
name  is  also  given  to  the  greatest  diameter.  Below  the  bosh 
there  is  a  cylindrical  portion  or  hearth,  in  which  the  molten 
material  accumulates.  The  furnace  is  thus  divided  into  three 
portions,  which  correspond  roughly  to  the  changes  which 
take  place.  In  the  upper  portion  the  charge  is  heating 
up  and  the  various  reactions  are  taking  place,  in  the  middle 
portion  the  charge  is  melting  and  therefore  diminishing  in 
volume,  and  in  the  lowest  portion  the  melted  material  accumu- 
lates. The  contour  of  the  furnace  may  vary  very  much. 
There  may  be  sharp  hues  of  demarcation  between  the  separate 
parts,  or  they  may  be  curved  gradually  one  into  the  other. 
Half  a  dozen  typical  shapes  are  shown  by  Figs.  30  to  35. 
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Fig.  26.— Modem  Bloat  Furmtce. 
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ProportioDS  of  the  ITnrnace. — The  size  of  the  fumace  varies 
with  the  conditions  under  which  it  is  to  be  worked.  The 
height  is  mainly  determined  by  the  crushing  strength  of  the 
fuel  used.  The  charge  has  to  be  kept  open  so  that  the  gases 
can  pass  freely  upwards,  and  finely  divided  material,  such 
as  would  be  produced  if  the  coke  crushed  under  the  weight 
of  a  high  column  of  material  would  hinder  this.  In  districts 
such  aa   Middlesbrough    or    the   West    Coaat,   where  hard. 


Fig.  29.— Modern  Blast  Furnace,  in  Section,  with  Dost  Catoher. 

strong  coke  is  used,  the  furnaces  may  be  80  ft.,  90  ft.,  or 
100  ft.  high,  but  in  Scotland  where  the  fuel  used  ia  splint 
coal,  the  coke  from  which  crushes  very  easily,  the  furnaces 
are  rarely  more  than  60  ft  high.  Charcoal  furnaces  are  for 
the  same  reason  always  small. 

The  diameter  of  the  furnace  at  ita  widest  part  is  usually 
from  one-third  to  one-fourth  of .  the  height,  two-aeventlw 
being  a  very  usual  proportion.     In  some  modem  furnaces 

the  proportion  is  about  ^,j,  and  in  some  very  old  furnaces 

it  is  as  low  as  ^7^. 

The  diameter  of  the  hearth  ia  mainly  detennined  by  the 
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Fig.  30.  Fig.  31.  Fig.  32. 

Figs.  30  to  32.— Blast  Furnaces. 
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Fig.  33.  Fig.  34.  Fig.  35. 

Figs.  33  to  35.— Blast  Furnaces. 
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pressure  of  the  blast  being  used,  with  a  maximum  of  about 
half  the  diameter  of  the  bosh.  The  air  must  penetrate  to 
the  centre  of.  the  charge ;  therefore,  when  the  blast  pressure 
used  is  low,  small  hearths  must  be  used.  In  this  country 
8  ft.  or  9  ft.  is  the  usual  hearth  diameter,  or  a  little  more 
if  the  tuyeres  are  overhung ;  whilst  in  America,  for  a  heavy 
blast  pressure,  11  ft.  is  common.  The  angle  of  the  bosh, 
that  is  the  angle  made  with  the  horizontal  by  a  line  joining 
the  top  of  the  hearth  with  the  bosh,  is  usually  about  75°. 
The  depth  of  the  hearth  varies  with  the  amount  of  metal 
which  it  is  to  hold,  but  is  usually  about  6  ft. 

Building  the  Jurnace. — In  building  the  furnace,  the 
iron  columns  are  erected,  and  on  these  are  put  hntel  plates 
to  carry  the  superstructure.  The  iron  plates  are  then 
put  on,  and  are  fined  as  they  are  carried  up.  Sometimes 
a  double  layer  of  brickwork  is  used,  an  outer  layer  of  ordinary 
brick  and  an  inner  layer  of  firebrick,  the  two  being 
separated  by  a  layer  of  ashes  about  2  inches  thick  to 
allow  for  expansion.  In  many  modern  furnaces,  how- 
ever, the  whole  lining  is  of  firebrick.  The  bricks  should 
be  refractory  and  not  too  siliceous.  They  are  always  specially 
made  to  suit  the  curvature  of  the  furnace,  and  are  set  in 
fireclay.  Holes  are  left  in  the  casing  so  as  to  allow  of  the 
escape  of  steam  as  the  brickwork  dries.  Sometimes,  in  place 
of  the  iron  casing  the  furnace  is  banded  or  crinohned  with 
iron  hoops.  In  this  case  the  masonry  is  the  essential  part 
of  the  structure,  and  must  be  made  stronger,  but  the  tendency 
in  modern  furnaces  is  to  rely  on  the  shell  for  strength,  using 
the  bricks  merely  as  a  lining. 

As  soon  as  the  columns  are  up  the  bottom  of  the  hearth 
can  be  put  in.  This  is  about  4  ft.  to  6  ft.  thick,  made  either 
of  very  refractory  stone,  firebrick,  or  concrete.  It  is  extended 
to  the  outer  diameter  of  the  walls  of  the  hearth,  so  that  the 
weight  of  the  masonry  above  prevents  it  being  lifted  bodily 
should  molten  iron  find  its  way  underneath,  and  the  separate 
stones  or  bricks  are  so  shaped  and  fitted  that  no  portion  can 
be  hfted.  On  this  the  circular  wall  of  the  hearth  is  built. 
It  is  about  3  ft.  thick,  and  in  modem  furnaces  it  is  strongly 
cased  in  cast-iron  plates  bolted  together. 

From  the  top  of  the  hearth,  the  walls  of  the  bosh  are 
built  up  till  they  join  the  walls  of  the  shaft  above.    As  the 
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inverted  cone  would  not  be  a  stable  structure,  it  is  strengthened 
by  bands  of  iron  round  every  second  layer  of  bricks,  or  is 
often  completely  cased  in  iron.  In  order  to  save  the  brick- 
work of  the  bosh  it  must  be  kept  as  cool  as  possible.  The 
columns  are  therefore  made  as  high  as  possible  to  allow 
free  access  of  air.  The  bosh  walls  are  made  about  1  ft.  6  in. 
to  2  ft.  thick,  and  when  the  furnace  is  to  be  driven  hard, 
the  bosh  is  cooled  with  water.  This  can  be  done  by  building 
into  the  masonry  a  series  of  blocks,  either  of  iron  or  bronze, 
through  which  water  can  be  made  to  circulate  ;  or  water 
may  be  circulated  round  the  casing  of  the  bosh.  If  a  furnace 
is  to  stand  well,  the  bosh  must  be  kept  cool. 

The  Bell  and  GoDe. — The  older  furnaces  were  worked 
with  an  open  top,  the  throat  was  surrounded  with  a  sort 
of  chimney,  "  the  tunnel  head,"  with  openings  for  charging, 
and  the  gas  was  allowed  to  bum  at  the  top  of  the  furnace. 
Attempts  were  made  to  utilise  the  gas  as  far  back  as  1836. 
The  invention  of  the  bell-and-cone  charging  apparatus  by 
Parry  in  1850  solved  the  dilSiculty  of  drawing  off  the  gas,  with- 
out interfering  with  the  charging,  and  from  that  time  the 
utiUsation  of  the  gas  became  general.  The  gas,  as  already 
mentioned,  is  combustible  and  therefore  is  of  great  value 
as  fuel.  The  bell-and-cone  charging  apparatus  is  now  almost 
invariably  used.  The  top  of  the  furnace  and  the  charging 
gallery  is  covered  with  iron  plates  up  to  the  edge  of  the  throat. 
An  iron  inverted  cone  about  6  ft.  deep  is  fixed  in  the  throat 
of  the  furnace,  the  slope  being  more  or  less  steep  according 
to  the  diameter  of  the  throat  of  the  furnace  and  the  diameter 
required  for  the  bell.  It  is  now  common  to  narrow  the  throat 
of  the  furnace  considerably  and  use  a  very  steep  c:ne.  The 
cone  is  of  cast-iron,  cast  in  four  or  more  pieces  with  projecting 
flanges  by  which  the  parts  are  bolted  together.  Usually  there 
is  a  separate  bottom  ring  bolted  on,  which  can  be  removed 
if  necessary,  so  as  to  allow  the  bell  to  be  lifted  out.  Inside 
the  cone  is  hung  a  conical  bell  of  such  size  that  it  will  not  draw 
through  the  bottom  opening  of  the  cone,  so  that  when  the 
bell  is  up,  it  presses  all  round  against  the  cone,  and  when  it 
is  down,  it  leaves  an  annular  opening  all  round.  The  bell 
may  be  of  cast  iron,  but  is  usually  composite,  that  is  it  consists 
of  a  cast-iron  cap  and  a  cast-iron  bottom  ring,  cast  in  sections, 
the    two    being    united    by    sheet-iron    or    steel    stiffened, 
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if  necessary,  with  steel  rods.  Such  a  bell  is  both  lighter 
and  stronger  than  one  of  cast-iron.  The  bell  (Fig.  36)  is 
suspended  at  the  end  of  a  beam  by  iron  links  or  chains, 
additional  safety  chains  being  usually  attached  so  that, 
in  case  the  supporting  link  should  give  way,  the  bell  would 
not  be  lost.  At  the  other  end  of  the  beam  is  a  balance  weight 
heavy  enough  to  keep  up  the  bell,  and  an  arrangement  by 
which  the  bell  can  be  fixed  firmly  in  position.  At  the  end  of  the 
bell  over  the  cone  is  hung  an  iron  basket  in, which  a  fire  is 
kept  burning,  so  that  when  the  bell  falls,  the  gas  which  escapes 
may  ignite.  The  charge  of  ore  fuel  and  flux  is  brought  up 
in  barrows  and  emptied  on  to  the  space  between  the  bell  and 
cone,  care  being  taken  to  put  the  materials  so  that  the  charge 
in  the  furnace  shall  be  as  well  mixed  as  possible.     About 


Fig.  36. — Bell  and  Cone  Chargfing  Apparatus:  i,  bell  ;  A,  cone  ;  d,  bell 
lever  ;  w,  balance  weight ;  y,  catch  of  fastening  lever  ;  ar,  cataract. 

four  or  five  tons  of  material  is  put  on  before  the  bell  is  lowered, 
and  that  is  sufficient  to  overweigh  the  balance  weight,  so 
that  as  soon  as  the  fixing  catch  or  screw  is  released,  the  bell 
drops,  the  charge  slips  into  the  furnace,  a  rush  of  gas  escapes 
from  the  top,  which  at  once  ignites,  and  the  balance  weight 
brings  the  bell  back  into  position,  where  it  is  at  once  fixed. 
A  little  powdered  material,  such  as  purple  ore  or  coke,  is 
thrown  round  the  bell  to  make  the  joint  tight,  and  it  is  ready 
for  the  next  charge.  A  bell  working  as  described  would 
be  brought  to  rest  too  suddenly  and  would  jar.  To  avoid 
this  a  cataract  is  often  employed.  This  consists  of  a 
cylinder  of  water  in  which  is  a  piston  attached  to  the  balance 
weight  end  of  the  bell  beam,  the  upper  and  lower  portions  of 
this  cylinder  being  connected  by  a  small  pipe  in  which  is  a 
stopcock.     It  is  obvious  that  if  the  stopcock  is  closed,  no 
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water  can  flow,  and  the  piston  and  the  bell  cannot  move. 
If  the  stopcock  is  opened,  water  can  flow  from  one  end  to  the 
other,  and  the  bell  can  ascend  or  descend.  The  inertia  of 
the  water  retards  the  motion,  and  thus  diminishes  the  shock. 
The  lowering  and  raising  of  the  bell  takes  about  15  seconds. 

Many  other  methods  of  operating  the  bell  are  in  use. 
The  bell  can  be  made  slightly  heavier  than  the  balance  weight, 
and  it  can  be  brought  up  by  a  hand  wheel  working  in  a  rack 
on  the  end  of  the  beam,  or  by  a  screw  or  any  other  device.  At 
one  time  the  blast  was  put  ofl  when  the  bell  was  lowered,  but 
this  is  now  rarely  done. 

The  bell  needs  some  space  so  that  it  can  be  lowered,  and 
this,  with  the  depth  of  the  bell  itself,  prevents  the  furnace 
being  filled  to  the  top.  The  space  usually  auowed  is  from 
8  ft.  to  10  ft. 

Charging  the  Furnace. — The  material  for  charging  the 
furnace  is  put  into  barrows,  each  holding  about  1  ton,  either 
from  ore  bins  or  direct  from  the  railway  trucks.  These  are 
hoisted  to  the  top  of  the  furnace,  wheeled  by  the  charger  to 
the  cone,  and  emptied  on  to  the  bell.  This  method  answers 
quite  well  for  moderate  outputs,  but  where  a  large  output 
is  required  mechanical  charging  must  be  used.  The  material 
is  carried  up  an  incUned  plane  in  a  skip  or  bucket  which  is 
automatically  emptied  on  to  the  bell  (see  Fig.  37).  To  pre- 
vent the  charge  always  falling  on  the  same  part  of  the  bell, 
which  would  lead  to  irregular  working,  a  hopper  into  which 
the  material  is  shot  is  flxed  above  the  bell.  This  is  arranged 
so  that  for  each  ascent  of  a  skip  it  is  rotated  one-eighth  or 
one-fourth  of  a  revolution,  and  thus  the  charge  is  evenly 
distributed  round  the  bell. 

The  Oas  Mains. — Just  below  the  charging  platform,  and 
opening  into  the  space  beneath  the  cone,  is  the  gas  main,  which 
is  an  iron  pipe  5  ft.  or  6  ft.  in  diameter.  This  is  connected  with 
a  valve  box,  from  which  descends  the  gas  downcomer  pipe, 
and  to  the  top  of  which  is  attached  a  vertical  standpipe 
opening  into  the  air.  By  means  of  valves,  the  gas  can  be 
directed  either  upwards  or  downwards.  Ordinarily,  it  is  sent 
direct  into  the  downcomer  main,  but  when  necessary  it  can 
be  turned  into  the  standpipe,  at  the  top  of  which  it  bums. 
At  one  time  the  gas  was  always  turned  into  the  standpipe 
when  the  bell  was  lowered.    This  is  now  rarely  done,  as  there 
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is  always  a  pressure  of  gas  in  the  furnace,  and  the  gas  escapes 
rather  than  air  being  drawn  in.     The  gas  carries  over  with  it 


Fig.  37. — Modern  Automatic  Charging  Plant. 


dust  from  the  charge,  and  to  remove  this  it  is  passed  through 
a  dust  catcher  (see  Fig.  29).  This  is  simply  a  large  chamber, 
much  larger  than  the  gas  main,  so  that  the  velocity  of  the  gas 
is  checked,  and  usually  its  direction  is  altered  so  that  the 
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dust  tends  to  fall  out,  and  can  be  removed  through  the  cleaning 
doors  provided  for  that  purpose. 

Tuyere  Openings. — Above  ths  top  o£  the  hearth,  a 
series  of  openings  about  2  ft.  wide  and  1  ft.  6  in.  high 
are  left  in  the  masonry  (see  Fig.  3S).  Theae  are  the 
tuyere  arches  or  openings,  and  are  to  receive  the  pipes 
through  which  the  air  is  sent  into  the  furnace.  The  number 
varies  ;  in  modem  furnaces  it  is  eight,  ten,  or  twelve,  but  in 
the  old  furnaces  it  was  three  or  six.  In  modem  furnaces 
the  tuyere  arches  are  evenly  spaced  round  the  hearth.     In 


the  older  furnaces,  in  which  the  hearth  could  usually  only 
be  approached  by  four  arches  through  the  heavy  masonry 
base  of  the  furnace,  tuyere  arches  were  provided  in  three  of 
these,  the  fourth  or  .front  of  the  furnace,  where  the  tap  hole 
is,  not  having  a  tuyere,  or  at  least  only  a  small  one,  called  a 
"  monkey." 

The  air  from  the  blowing  engines  and  hot-blast  stoves 
is  brought  up  to  a  main  which  almost  encircles  the  furnace, 
and  is  called  the  "  horseshoe  "  main.  It  is  of  iron,  and  is 
lined  with  firebrick,  and  sometimes  is   also  covered  with  a 
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non-conducting  coating.  The  hoiseslioe  is  almost  always 
cairied  on  iron  brackets  bolted  to  the  furnace  columns,  or 
in  some  modem  furnaces  it  is  suspended  by  iron  links  from 

the  top  girders.  Opposite  each  tuyere  arch,  a  vertical  pipe 
descends  to  the  tuyere  level,  and  is  provided  with  a  sliding 
valve  by  which  the  air  can  be  cut  ofi  from  the  tuyere  when 
necessary. 

The  Tuyeres. — The  tuyere  is  an  iron  or  bronze  pipe  about 
3  ft.  long,  and  having  a  diameter  at  the  small  end  of  from 
3  in.  to  8  in.,  according  to  the  amount  of  air  to  be  sent  into  the 
furnace.  A  very  common  size  is  i  in.  This  is  connected  with 
the  downcomer  by  m^ans  of  an  iron  tube.  In  the  days  of  the 
cold  blast  a  leather  pipe  was  used,  which  was  called  a  "  goose- 
neck," and  the  name  is  sometimes  used  for  the  connection. 


Fig.  39,— Scotch  Tuyere, 

The  horizontal  pipe  must  be  fitted  to  the  vertical  down- 
comer  pipe  in  such  a  way  that  it  is  air-tight,  and  at  the  same 
time  can  be  quickly  and  easily  removed.  The  end  of  the  down- 
comer  pipe  is  usually  made  conical,  and  is  machined  smooth, 
a  hole  to  receive  it  being  made  in  the  upper  side  of  the  tuyere 
pipe  (see  Fig.  39).  An  iron  link  hung  on  studs  from  the 
downcomer  is  passed  under  the  horizontal  pipe  and  is  screwed 
or  wedged  into  position,  so  that  it  is  firmly  held.  At  the  end 
of  the  horizontal  pipe  is  an  opening  closed  by  a  slide,  which 
can  be  opened  to  allow  the  workman  to  clear  the  tuyere 
with  an  iron  rod,  should  it  become  stopped.  In  the  centre 
of  this  is  a  hole  closed  by  mica  or  blue  glass,  through  which 
can  be  seen  a  bright  spot  (the  eye  of  the  furnace),  from  which 
the  workman  can  judge  if  the  tuyere  is  properly  open. 

Water-cooled  Tuyeres.— When  the  cold  blast  was  used, 
the  tuyere  was  laid  in  the  tuyere  arch  and  luted  in  with 
clay;     but  with  the  hot  blast  as-  now  used,  combined  with 
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the  heat  of  the  furnace,  the  iron  pipe  would  be  rapidly 
destroyed.  To  prevent  this,  it  is  surrounded  by  a  water 
jacket,  which  keeps  the  blast  pipe  enveloped  in  flowing 
cold  water.  The  Scotch  tuyere  (Fig.  39),  which  is  now 
generally  used,  was  invented  by  Cpndie  in  1829.  It  con- 
sists of  a  coil  of  wrought-iron  pipe  embedded  in  a  mass 
of  cast  iron,  with  a  hole  in  the  centre  in  which  the  tuyere 
nozzle  rests.  The  Staffordshire  or  box  tuyere  (Fig.  40) 
consists  of  a  conical  iron  box  with  a  hole  through"  centre 
for  the  tuyere  nozzle,  a  constant  stream  of  water  being 
kept  running  through.  In  a  modern  form,  instead  of 
keeping  the  box  filled  with  water,  a  fine  spray  is  delivered 
which  keeps  the  whole  cool.  This  spray  tuyere  has  the 
advantage  that  inhere  is  no  large  mass  of  water  to  flow  into  the 


Fig.  40.— Staffordshire  Tuyere. 

furnace  should  the  tuyere  break.  Box  tuyeres,  whether 
water  or  spray,  are  best  made  of  bronze,  as  being  much  less 
likely  to  crack  than  cast  iron.  In  the  forms  of  tuyere 
described,  the  water  is  deUvered  under  pressure,  and  in 
case  of  fracture  the  water  will  flow  into  the  furnace  and 
may  cause  an  explosion ;  to  avoid  this,  a  vacuum  tuyere 
has  recently  been  introduced.  The  water  is  drawn  through 
by  suction  by  means  of  a  pump,  so  that  should  the  tuyere 
fracture,  water  does  not  flow  out,  but  gases  are  drawn  in 
and  can  be  at  once  detected. 

With  the  hot  blast  now  often  used,  the  single  water  tuyere 
is  not  sufficient,  and  it  is  surrounded  by  a  second  water  tuyere 
or  cooler,  commonly  called  a  "  jumbo." 

The  water  from  the  tuyeres  always  flows  out  into  an  open 
channel,  so  that  the  workman  can  judge  if  it  is  flowing 
correctly  and  is  about  the  right  temperature. 

Slag  Tap. — At  the  top  of  the  hearth,  a  few  inches  below 
the  bottom  of  the  tuyere  arches,  another  opening  is  left  in  the 
masonry  for  the  slag  tap.    This  is  built  up  with  brickwork. 
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s.  hole  being  lelt  for  tapping  out  the  slag.  Frequently  a 
water  tuyere  ia  fitted  into  this  hole.  Aa  the  furnace  works, 
the  metal  sinks  into  the  hearth  with  the  slag  above  it.  As  the 
slag  and  metal  accumulate  they  rise,  and  if  not  removed  the 
slag  would  soon  reach  the  level  of  the  tuyeres.  To  avoid  this 
the  slag  hole,  which  has  been  stopped  with  clay,  is  opened 
and  the  slag  is  lun  out.     The  hole  is  then  closed,  and  the 
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tapping  is  repeated  every  hour  or  so  from  the  time  the  slag 
reaches  the  necessary  level  until  the  metal  is  tapped. 

In  front  of  the  slag  hole  a  sloping  channel  (Fig.  41)  (the 
cinder  or  slag  fall),  is  made  by  which  the  slag  is  carried  away. 
The  slag  is  often  formed  into  large  blocks  by  running  it  into 
a  slag-tub  or  bogie  (an  iron  truck  with  movable  sides),  so 
that,  when  the  tub  is  filled  and  the  slag  has  solidified,  the  sides 
of  the  cinder-tub  are  lifted  away  by  means  of  a  crane,  or  if 
hinged  are  turned  downwards.  The  mass  of  slag  is  then  lifted 
from  the  bottom  of  the  skg-tub  or  bogie  on  which  it  stands, 
and  conveyed  to  the  cinder -heap  ;  or  the  bogie  itself  is  drawn 
to  the  cinder-heap,  and  the  block  there  thrown  or  tipped  ofi 
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on  to  the  heap.  Aa  the  slag-bogie  is  filled,  it  is  replaced  by 
an.  empty  one,  oi  the  channel  is  diverted  ao  as  to  rim  the  slaj^ 
into  another  standing  alongside  the  one  just  filled. 

In  Stafiordahire,  the  slaga  collect  in  a  cavity  or  basin  in 
the  ground  or  floor  of  the  casting-bed,  and  known  as  the 
roughing-hole,  from  whence,  after  solidification,  the  slag  is 
lift«d  into  waggons  and  taken  to  the  cinder-tip.  To  facilitate 
the  removal  of  the  slag,  a  conveyer  is  now  frequently 
used.  This  consists  of  a  series  of  shallow  iron  moulds  carried 
on  an  endless  belt,  passing  under  the  end  of  the  slag  shoot. 


Fig.  42.— Bquara  Slag  Bogie?. 

The  slag  is  allowed  to  flow  continuously,  and  the  moulds 
move  at  such  a  rate  that  each  is  filled  as  it  passes  under 
the  shoot  The  slag  is  solidified  by  a  spray  of  water,  and  is 
automatically  dehvered  from  the  conveyer  to  a  truck  in 
which  it  can  be  carried  away  to  the  slag  tip. 

Ustal  Tap.— At  the  bottom  of  the  hearth,  usually  near 
the  slag  hole  but  not  vertically  under  it,  another  opening 
is  left  in  the  masonry  ;  this  is  also  closed  up  with  brick- 
work, a  hole  about  6  in.  in  diameter  being  left,  which  is 
stopped  with  clay.  When  the  metal  rises  nearly  to  the 
level  of  the  slag  hole,  the  furnace  must  'be  tapped.  The 
workman  places  the  end  of  a  crowbar,  resting  on  an  iron 
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lod,  agamst  the  clay  of  the  tap  hole,  and  by  means  of  a 
sledge  drives  it  in.  Ah  soon  as  an  opening  is  made,  the 
iron  begins  to  flow.  When  the  iron  is  all  out  it  is  followed 
by  the  residual  slag,  and  as  the  hquid  falls  below  the  hole. 


Fig,  43.— Blast  Furnace  with  open  Front,  Vertical  Section. 

air  escapes  and  spaibs  are  ejected.  The  hole  is  now  closed. 
The  workman  takes  a  lump  of  clay  which  has  been  mixed 
with  water  so  as  to  be  plastic,  and  throws  it  against  the 
opening,  pressing  it  with  a  lod  so  as  to  make  it  solid.  A 
second  lump  is  added  and  pressed  in  so  as  to  make  the  tap 
hole  quite  secure.  In  America  the  clay  is  forced  into  position 
by  means  of  a  pneumatic  "  mudgun." 
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The  furnace  can  "be  tapped  every  six,  eight,  or  twelve  hours 
according  to  the  capacity  of  the  hearth  and  rate  of  reduction. 
In  Scotland  the  furnaces  are  tapped  every  twelve  hours, 
and  each  tap  jdelds  about  25  tons  of  iron. 

Older  Open  Front  Furnaces.— In  the  older  furnaces  the 
arrangement  was  a  little  different.  The  hearth  was  not 
completely  enclosed,  but  the  front  was  extended  a  little 
beyond  the  furnace,  the  weight  above  being  carried  by 
an  arch  thrown  across  the  space  and  called  the  "  tymp  " 
arch.  This  arch  was  often  replaced  by  an  iron  girder  kept 
cool  by  the  circulation  of  water  through  it.  The  front 
of  the  hearth  was  closed  by  a  vertical  wall,  the  "  dam  " 
strengthened  by  an  iron  "  dam  "  plate  through  which  the  tap 
hole  was  made.  In  the  top  of  the  dam  was  a  notch  or  channel, 
the  slag  notch  for  the  flow  of  the  slag.  The  space  between  the 
tymp  arch  and  the  top  of  the  dam  was  kept  closed  with  clay 
and  sand,  except  when  the  furnace  was  at  work,  save  for  a 
hole  for  the  flow  of  the  slag. 

The  Pig  Bed  (Fig.  44). — In  front  of  the  furnace  is  a 
space  about  40  ft.  by  20  ft.,  covered  to  the  depth  of  about 
1  ft.  6  in.  with  a  slightly  binding  sand,  similar  to  the  mould- 
ing sand  used  in  the  foundry,  the  surface  being  slightly 
sloping  away  from  the  furnace.  As  soon  as  the  pigs  have 
been  removed,  the  bed  is  prepared  for  the  next  charge. 
The  sand  is  levelled,  and  by  means  of  wooden  moulds  a 
series  of  D-shaped  cavities  about  3  ft.  long,  4  in.  wide, 
and  4  in.  deep  are  made  in  the  sand  (see  Fig.  44).  A 
boy  hammers  in  the  pattern  till  it  is  level  with  the  surface, 
and  when  he  has  put  in  a  whole  row,  he  carefully  removes 
them  one  by  one,  leaving  a  row  of  moulds.  Then  he  cuts 
channels  h  connecting  the  ends  of  these,  and  these  channels 
in  their  turn  are  led  into  a  larger  channel  d,  which  leads 
to  the  tap  hole  of  the  blast  furnace. 

When  the  furnace  is  to  be  tapped,  all  the  cross  passages 
by  except  the  bottom  one,  are  closed  by  means  of  iron  plugs 
covered  with  clay  and  having  long  handles  attached  to  them. 
The  metal  therefore  flows  along  d  and  fills  the  bottom  series 
of  moulds.  As  soon  as  these  are  full,  the  second  channel  h 
is  opened  and  a  plug  is  put  across  d  to  prevent  any  more 
iron  flowing  down,  and  this  is  repeated  until  all  the  iron  is 
out.    As  soon  as  slag  begins  to  flow,  it  is  directed  to  the  slag 
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channel,  and  'when  the  tapping  is  complete,  the  surface  of 
the  pigs  is  covered  with  sand,  or  sometimes  they  are  cooled 
with  water. 

Directly  the  metal  is  cool  enough  to  handle,  workmen, 
with  their  hands  protected  with  pieces  of  leather,  set  to 
work  to  remove  the  pigs.  The  pigs  in  the  moulds  c  are 
broken  from  the  metal  in  the  channels  h,  the  metal  being 
broken  up  into  pieces  of  convenient  size,  and  these  and  the 
pigs  are  at  once  transferred  to  stacks,  or  to  railway  trucks 
for  removal.    When  they  are  all  removed,  the  bed  is  prepared 


Fig.  44.— Plan  of  Pig  Bed. 

for  the  next  charge.  The  pig  bed  is  usually  placed  at  a  con- 
venient elevation  so  that  the  pigs  can  be  readily  loaded  into 
trucks.  Each  pig  will  weigh  about  1  cwt.,  so  that  for  25  tons, 
500  pig  moulds  will  be  necessary. 

To  facilitate  the  removal  of  the  iron  to  the  trucks, 
mechanical  appliances  are  now  largely  used.  In  some  works 
an  overhead  crane  is  arranged  along  the  whole  length  of 
the  pig  bed,  and  in  others  a  powerful  jib  crane  is  run  along 
the  end  of  the  pig  bed.  As  soon  as  the  iron  is  cool  enough, 
a  lever  is  put  under  h  to  raise  it  a  little,  a  chain  is  slipped 
round  or  a  hook  is  slipped  under,  and  the  grid,  consisting 
of  B  with  the  twenty  to  twenty -five  pigs  attached,  is  carried 
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bodily  away  and  stacked.  When  the  piga  are  required, 
the  grid  is  again  hfted  by  the  crane  and  taken  to  a  pig  breaker, 
by  which  the  pigs  are  rapidly  broken  ofi.  This  arrangement 
saves  both  time  and  labour. 

Metal  Uixers. — In  steel  making,  the  iron  is  required  in  the 
molten  condition  ;  it  is  therefore  a  waste  of  time,  labour,  and 
fuel  to  allow  the  metal  to  cool,  Uft  the  piga  by  hand,  and  melt 
it  again.    To  avoid  this,  metal  mixers  have  been  introduced. 


Fig.  15 Front  of  Furnace,  showing  Fig  Bed. 

The  metal  mixer  is  a  large  vessel  made  of  sheet  steel  and 
lined  with  refractory  firebrick,  of  such  size  as  to  hold  from 
ICO  to  500  tons  of  metal.  It  is  always  arranged  so  that  it 
can  be  tilted  to  pour  out  the  metal.  One  form  shown  in 
Fig.  46  consists  of  a  nearly  semi -cylindrical  vessel  resting 
on  rollers,  so  that  it  can  he  easily  turned  by  means  of  a  hydrau- 
lic ram.  It  is  provided  with  two  openings,  one  to  receive 
the  metal,  the  other  forming  a  spout  from  which  the  metal 
is  poured.  Usually,  gas  is  brought  to  the  ladle  so  that  heat 
«an  be  applied  if  there  is  any  danger  of  chilling.  The  pig 
bed  is  abolished,  and  in  place  of  it  rails  are  laid  at  a  low  level, 
BO  that  a  ladle  capable  of  holding  the  whole  charge  of  the 
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furnace  (50  or  100  tons)  can  be  run  under  the  tap  hole.  The 
metal  is  run  into  the  ladle  ;  this  is  drawn  by  a  locomotive 
to  the  mixer,  and  either  by  tilting  the  ladle  or  running  the 
metal  out  of  a  tap  hole,  the  metal  is  transformed  to  the  mixer, 
whence  it  can  be  poured  into  another  ladle  for  conveyance 
to  the  steel  works  or  use  as  required. 

The  mizer  has  the  great  advantage  in  that  it  gives  iron 
of  more  uniform  quality  of  metal  than  can  be  obtained  from 
the  blast  furnace  direct,  because  the  products  from  various 


Fig.  46.— Metal  Mixer. 

furnaces  or  various  taps,  being  mixed,  accidental  variations 
to  a  certain  extent  compensate  one  another. 

Casting;  Uaohines. — For  dealing  with  large  casts  of  metal, 
casting  machines  are  used  to  some  extent  in  this  country,  and 
largely  in  America.  Many  forms  have  been  designed,  but  the 
best  known  and  most  largely  used  is  the  UchUng.  This  is  used 
always  in  conjunction  with  a  mixer,  into  which  the  metal 
is  run  from  the  furnace.  A  series  of  iron  moulds  carried  on 
endless  chains  passes  under  the  mixer  at  such  a  rate  that 
each  is  filled  as  it  passes— the  usual  rate  being  about  15  ft. 
per  second.  As  the  moulds  pass  from  before  the  mixer, 
they  are  sprinkled  with  water  to  cool  the  pigs,  and  as  the 
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endless  belt  passes  over  the  end  pulley,  the  pigs  fall  out  into 
a  trough  of  water,  whence  they  are  carried  by  another  endless 
belt  at  right  angles  to  the  first,  and  dehvered  into  trucks. 
As  the  moidds  return,  they  are  cooled  and  prepared  for  the 
next  charge  by  being  coated  with  milk  of  fime  sprayed  by 
means  of  compressed  air. 

The  belt  is  about  100  ft.  long,  the  moulds  are  1  ft.  10  in. 
by  10  in.  by  6  in.  deep,  and  the  metal  is  cast  into  flat  cakes 
about  f  in.  thick,  which  soUdify  rapidly. 

Such  a  machine  will  handle  1  ton  of  iron  per  minute 
continuously,  and  the  machine  will  run  for  months  without 
repair ;  the  moulds  last  about  six  months  and  are  easily 
replaced.  Three  men  work  the  machine  on  12-hour  shifts. 
The  average  cost  of  handhng  a  ton  of  pig  iron  is  said  to  be 
3d.  or  3id.  The  pigs  are  perfectly  clean  and  free  from  sand, 
but  owing  to  the  sudden  cooHng  they  tend  towards  whiteness, 
and  the  grade  cannot  be  determined  from  the  fracture.  For 
this  reason  the  machine  is  not  Hkely  to  come  into  use  in  this 
country  for  casting  foundry  pig. 

Hoists. — Hoists,  hfts,  or  elevators  are  necessary  when  the 
loaded  trucks  cannot  be  run  directly  to  the  level  of  the  charging 
platform.  The  more  modern  plant  is  generally  laid  out  for 
some  form  of  the  perpendicular  lift,  but  still,  as  at  Barrow- 
in-Furness  and  numerous  other  works,  a  modification  of 
the  incHned  plane  has  been  used  for  raising  the  ore,  fuel, 
and  flux  from  the  ground  level  to  the  charging  platform. 
At  Barrow  the  inclined  road  is  carried  on  a  pair  of  bowstring 
girders  placed  at  an  angle  of  from  25°  to  30°  with  the  horizontal, 
and  the  road  is  fitted  with  two  sets  of  rails,  on  one  of  which 
the  loaded  truck  ascends,  while  the  empty  one  descends 
the  other.  The  carriage  consists  of  a  horizontal  platform, 
supported  on  a  triangular  frame  fitted  with  two  pairs  of 
wheels,  of  which  the  front  ones  are  smaller  than  the  back. 
The  Uft  is  arranged  so  that  when  the  carriage  is  at  the"  bottom 
of  the  inclined  plane  it  is  received  in  a  pit  in  the  ground, 
and  its  platform  is  then  on  a  level  with  the  floor  of  the  yard 
or  shed,  and  the  four  or  more  iron  wheel-barrows,  in  which 
the  charge  is  usually  placed  for  elevation  to  the  furnace 
top,  can  be  wheeled  directly  on  to  the  platform  ;  and  in  Hke 
manner,  when  the  lift  has  made  its  ascent  up  the  inchne, 
it  stands  so  that  the  platform  of  the  carriage  is  level  with 
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the  charging  platform,  and  the  wheel- barrows  can  be  wheeled 
directly  on  to  the  top.  The  motive  power  for  this  elevator 
consists  usually  of  a  pair  of  steam  engines,  working  through 
friction  gearing  a  winding  drum  about  12  ft.  in  diameter, 
around  which  passes  a  wire  rope,  the  two  ends  of  which  are 
attached  respectively  to  the  ascending  and  descending  plat- 
forms, while  the  action  of  the  engine  is  controlled  by  steam 
brakes. 

Of  the  perpendicular  lifts,  the  water-balance  is  still  in 
use  at  some  of  the  older  furnaces,  where  a  natural  fall  of  water 
is  obtainable,  under  which  condition  it  is  an  economical 
and  simple  arrangement,  although  giving  some  trouble, 
owing  to  the  difficulty  of  keeping  the  tanks  water-tight ; 
whilst  if  a  pump  has  to  be  employed  in  Hfting  the  water  to 
the  top  of  the  furnace  for  introduction  into  the  tanks,  its 
advantages  are  seriously  diminished.  In  the  water-balance 
arrangement  two  cages  or  platforms  are  employed,  beneath 
each  of  which  is  fixed  a  water-tight  tank,  capable  of  containing 
sufficient  water  to  enable  it  when  filled  to  draw  up  the  other 
platform  with  its  empty  tank,  and  the  load  of  ore  or  fuel. 
The  two  cages  work  between  guides,  and  are  respectively 
suspended  from  the  extremities  of  a  wire  rope  passing  over 
guide  pulleys.  Thus,  when  one  cage  is  at  the  furnace  platform, 
and  the  other  at  the  ground  level,  the  tank  of  the  latter  is 
emptied  of  its  water  through  a  valve  fitted  in  the  bottom 
of  the  tank,  while  the  tank  of  the  former  is  filled  with  water. 
In  this  manner  sufficient  weight  is  added  to  the  top  cage  to 
draw  up  the  other  cage  with  its  load  of  charging  materials 
from  the  bottom  to  the  top  of  the  lift. 

Pneumatic  or  compressed-air  Ufts  are  sometimes  employed 
in  which  the  areas  of  the  pneumatic  cylinders  are  adjusted 
so  that  a  pressure  of  from  3^  lbs.  to  6  lbs.  or  7  lbs.  per  sq.  in., 
as  occurs  in  the  blast-main  supplying  the  blast  furnaces, 
is  sufficient  to  elevate  the  required  load.  In  other  arrange- 
ments, double-acting  air  pumps  by  which  air  is  forced  into  or 
withdrawn  from  the  cylinders  as  required,  are  employed. 
In  pneumatic  lifts  compressed  air  or  the  atmospheric 
pressure  working  against  an  exhaust  is  used.  The  best 
known  of  these  is  that  of  Mr.  Gjers  (Fig.  47).  In  this 
the  platform  surrounds  a  circular  tube  about  3  it.  in 
diameter,  and  is  attached,  by  means  of  wire  ropes  working 
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over  pulleys,  to  a  piston  working  in  the  tube.  To  raise 
the  platfoim  the  air  is  exhausted  from  behind  the  piaton 
and  the  pressure  of  the  atmosphere  forces  it  down.  To 
bring  the  platform  down,  air  under  a  pressure  of  about 
2  lbs.  is  forced  beneath  the  piston. 


In  hydraulic  hfts,  or  hoists,  a  ram,  actuated  by  piessuie 
from  a  hydrauhc  accumulator,  is  connected  with  a  chain  and 
system  of  pulleys  whereby  the  movement  of  the  load  to  be 
lifted  is  some  his  or  eight  times  greater  than  that  of  the  ram 
by  which  it  is  actuated,  according  to  the  multiplying  powers  of 
the  chains  and  pulleys  employed.  Figs.  48  and  i^  show  a 
simple  form  used  in  America  ;  the  ram  of  a  hydrauhc  cylinder 
a  tenninatea  in  two  racks  b,  which  gear  into  two  pinions  on 
the  same  axle  as  the  pulleys  c,  round  which  the  wire  rope 
/  passes  from  the  table  e  over  the  guide  pulleys  d,  so  that 
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by  properly  proportiomng  the  diameter  of  the  pinion  into 
which  the  rack  gears,  to  that  of  the  pulleys  or  drums  c,  any 
desired  velocity  of  ascent  can  be  given  to  the  cage. 

Direct-acting  steam  hoists  are  now  generally  used. 
The  cage  works  in  guides  like  an  ordinary  colliery  cage, 
and  is  provided  with  safety  catches  to  prevent  accident ; 
the  cage  is  supported  by  a  wire  rope  which  passes  over 
a  large  pulley  and  then  round  a  drum  worked  directly  by  an 
engine. 

For  each  ton  of  iron  obtained  from,  say,  Cleveland  ore, 
about  4  tons  of  material  will  need  to  be  lifted  ;  or  for  a  furnace 
making  50  tons  a  day,  about  200  tons  in  addition  to  the  weight 
of  the  cage,  which  has  to  be  Hfted  each  time.  Assuming  two 
tons  to  be  carried  each  time,  the  lift  must  make  100  ascents 
per  day  for  each  furnace. 

Blowing  In. — Before  blowing  in,  or  putting  a  furnace 
into  blast,  the  masonry  of  the  structure  must  be  thoroughly  and 
slowly  dried  to  prevent  cracking  or  fissure  of  any  portion  of  it. 
Then  the  tuyere  holes  are  built  up,  and  a  quantity  of  rough 
old  timber  introduced  into  the  furnace,  sufficient  to  fill  the 
hearth  to  a  depth  of  5  ft.  or  6  ft.,  and  on  this  sufficient  coke 
is  placed  to  fill  the  boshes.  The  timber  is  then  ignited, 
and  the  combustion  rapidly  extends  to  the  coke  above  it, 
when  successive  layers  of  coke  and  Umestone  are  introduced, 
until  the  furnace  is  about  one-third  filled,  the  limestone 
serving  as  a  flux  for  the  ashes  of  the  coke.  This  charge  is 
followed  by  light  burdens  made  up  of  about  three  parts 
of  calcined  ore,  with  one  part  of  limestone  and  two  parts  of 
coke,  thus  gradually  filling  the  furnace  up  to  the  throat.  Then 
blast-tuyeres  of  about  one-half  the  diameter  of  those  to  be 
eventually  used  are  inserted,  and  the  blast  put  on  at  about 
one-fifth  of  the  normal  working  strength.  This  condition  is 
continued  for  from  thirty -six  to  forty-eight  hours,  after  which 
the  blast  nozzles  are  changed  for  others  of  |  in.  or  1  in.  greater 
diameter,  which  deliver  a  proportionately  larger  blast ; 
at  the  end  of  twenty-four  hours  tuyeres  larger  by  a  further  |  in. 
in  diameter  are  inserted ;  and  a  further  increase  of  J  in. 
in  diameter  is  made  to  the  blast  nozzles  at  the  end  of  about 
the  third  week.  But  it  is  not  until  some  four  or  five  weeks 
after  the  first  introduction  of  blast  that  the  full  working 
pressure  and  volume  of  blast  are  employed,  and  in  the  interval 
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the  furnace  is  run  on  light  burdens  which  are  increased  with 
each  increase  in  the  strength  of  the  blast. 

Slags  first  appear  twelve  hours  after  the  admission  of  blast 
to  the  furnace,  but  there  is  no  metal  until  the  end  of  twenty- 
four  hours ;  then  it  collects  slowly  and  is  tapped  out  as  is 
necessary,  but  it  is  only  after  three  or  four  days  that  the 
metal  can  be  tapped  from  the  furnace  at  regular  intervals. 
When  Cleveland  furnaces  are  in  regular  blast  the  charge  takes 
about  seventy-two  hours  to  pass  from  the  top  or  charging 
plates  to  the  heaTth,  but  in  some  of  the  small  furnaces,  or 
where  the  driving  is  rapid,  the  time  is  much  less. 

The  furnace  having  once  been  put  into  blast,  continues 
at  uninterrupted  work  until  it  is  necessary  to  stop  for  repairs 
or  some  other  cause.  When,  owing  to  a  temporary  scarcity 
of  ore,  fuel,  or  the  Uke,  it  becomes  necessary  to  stop  the 
working  for  a  short  time,  the  throat  and  tuyere  holes  are  closed 
with  sand  or  clay,  under  which  conditions  the  furnace  may 
stand  for  three  or  four  days  without  much  danger;  but  if 
such  delays  are  prolonged  for  one  week  or  upwards,  then 
troublesome  obstructions  are  hkely  to  form  within  the  furnace, 
perhaps  necessitating  entire  stoppage.  A  well-built  blast 
furnace  wiU  run,  under  ordinary  working  and  driving,  for 
five  or  ten  years  without  requiring  to  be  blown  out  for  repairs, 
but  with  the  rapid  driving  now  becoming  general  the  life  is 
very  much  shorter. 

Blowing  Out. — When  a  blast  furnace  is  to  be  stopped — 
blown  out — ^the  burden  is  gradually  reduced  so  as  to  in- 
crease the  working  temperature,  and  facilitate  the  fusion  of 
any  obstructions  hanging  within  the  furnace.  The  tubes  and 
fittings  from  the  throat  are  then  removed,  charging  is  discon- 
tinued, and  the  furnace  allowed  to  burn  itself  down,  care  being 
exercised  to  take  the  last  tapping  of  metal  from  the  lowest  pos- 
sible point  in  the  hearth.  After  blowing  out  a  furnace  which 
has  been  long  in  blast,  there  is  often  found  in  the  bottom  of  the 
hearth  an  agglomerated  mass  of  malleable  steely-iron  known 
as  "  bear  "  or  "  horse,"  and  similar  but  smaller  masses  will 
be  attached  to  various  points  around  the  sides  of  the  hearth. 
These  masses  contain  besides  iron,  also  manganese,  carbon, 
siHcon,  and  copper,  as  also  nickel,  cobalt,  and  occasionally 
traces  of  the  rarer  metals,  and  sometimes  copper-coloured 
crystals  of  a  nitro-cyanide  of  titanium. 
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Scaffolds,  etc. — ^Scaffolds  are  obstructions  in  blast 
furnaces  which  arise  from  various  causes,  such  as  the 
faulty  distribution  of  the  charge,  which  prevents  the  regular 
descent,  whilst,  as  the  charge  below  the  scafEold  is  working 
down,  the  mass  above  is  left  with  a  diminishing  suj^ort, 
and  the  weight  of  superincumbent  materials  is  at  the  same 
time  constantly  increasing  by  the  addition  of  fresh  materials 
at  the  furnace  mouth.  In  these  circumstances  the  obstruction 
at  a  certain  point  frequently  gives  way  suddenly,  and  descends 
with  considerable  force  to  the  hearth,  constituting  what  is 
known  as  a  "  slip."  When  a  scafiold  is  discovered,  the  blast 
is  eased  so  as  to  reduce  the  support  from  below  due  to  the 
pressure  of  blast,  and  efforts  are  made  to  get  down  the  scaffold 
without  any  sudden  rush.  Scaffolds  also  sometimes  lead 
to  the  formation  of  a  slight  skew -back  in  the  lining  of  the 
furna<;e  owing  to  the  erosion  of  the  lining  for  some  distance 
up,  the  effect  of  which  is  that  a  part  of  the  stock  or  charge 
b  held  up,  while  other  parts  slide  over  it,  and  the  furnace 
IS  thus  found  to  work  slowly  and  affords  a  diminished  yield 
of  metal.  But  scaffolds  of  the  last  class  usually  fill  up  with 
finely  divided  fuel  and  ore  in  good  condition  for  rapidly 
melting,  so  that,  after  working  for  some  time  in  this  condition, 
the  heat  and  attrition  of  the  descending  charge  will  work 
off  the  irregularity  in  the  lining,  and  the  materials  of  the 
scaffold  will  then  work  down  quickly  into  the  hearth,  giving 
a  much  larger  temporary  yield  to  the  furnace.  A  scaffold 
obstructs  the  free  passage  of  the  blast  and  the  escape  of  * 
the  furnace  gases,  and  tends  to  cool  down  the  furnace  and 
so  thicken  the  slags.  A  slip,  especially  if  the  ore  is  very  wet, 
may  cause  an  explosion  by  the  sudden  evolution  of  steam 
as  the  wet  material  comes  into  the  hot  region  of  the  furnace. 

Amongst  the  causes  contributing  to  the  formation  of 
scaffolds  are :  (a)  faulty  shape  of  the  furnace  ;  (b)  the 
production  of  an  imperfectly  fusible  slag ;  (c)  too  large  a 
proportion  of  refractory  ore  in  the  charge  ;  (d)  bad  fuel, 
such  as  a  weak  friable  coke  which  crumbles  away  under 
the  weight  of  the  superincumbent  materials  ;  and  (e)  faulty 
charging,  whereby  the  regular  distribution  of  heat  over  the 
entire  horizontal  section  is  not  maintained,  owing  to  the  larger 
pieces  of  coke  collecting  round  the  walls  of  the  furnace,  whilst 
the  small  and  impermeable  ore  is  concentrated  in  the  centre. 
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CHAPTER   IX. 

BLOWING  ENGINES. 

A  VERY  large  quantity  of  air  is  required  for  the  blast  furnace, 
and  this  must  be  supplied  in  a  steady,  continuous  stream,  and 
at  a  suitable,  temperature  and  pressure.  In  the  early,  very 
small  furnaces,  bellows  worked  by  water  power  were  at  one 
time  used,  but  these  have  been  completely  superseded  by 
cylinder  blowing  engines  driven  by  steam,  gas,  or  water  power. 

Such  an  engine,  as  far  as  the  blowing  portion  is  concerned, 
consists  of  a  cylinder,  closed  at  both  ends,  in  which  works  a 
piston.  The  cylinder  is  provided  with  two  sets  of  valves  at 
each  end,  one  set  opening  to  the  air  to  admit  the  air  from 
outside,  and  the  other  to  allow  the  air  to  pass  into  the  air 
mains,  and  called  respectively  the  intake  and  outlet  valves. 

A  few  large  cylinders  or  a  large  number  of  small  cylinders 
may  be  used,  according  to  convenience.  In  the  older  engines 
the  tendency  was  to  use  a  few  large  cylinders ;  now  the  cylinders 
are  usually  made  smaller,  and  a  larger  number  is  provided. 

Amount  of  Air  Required . — The  amount  of  air  required  can 
be  easily  calculated.  One  pound  of  carbon  will  require  for  its 
combustion  to  carbon-monoxide — ^and  this  is  the  conversion 
which  takes  place  in  the  blast  furnace — 5 '8  lbs.  of  air,  or,  as 
1  cub.  ft.  of  air  under  the  normal  conditions  of  temperature 
and  pressure  weighs  '0809  lb.,  65*5  cub.  ft.  As  the  air  will 
always  contain  moisture,  and  will  usually  be  at  a  higher  tem- 
perature than  0°  C,  it  is  often  assumed  that  each  pound  of 
carbon  will  require  6  lb.,  or  76  cub.  ft.,  of  air,  and  these  figures 
will  be  quite  near  enough  for  ordinary  rough  estimr.tions.  It 
must,  of  course,  be  remembered  that  the  volume  of  a  gas 
varies  very  much  with  changes  in  temperature  and  pressure, 
so  that  for  the  combustion  of  the  same  quantity  of  fuel  a 
greater  volume  of  air  will  be  required  when  the  temperature 
IB  high  than  when  it  is  low,  and  also  that  as  water  vapour  is 
much  lighter  than  air,  the  weight  of  a  cubic  foot  of  ordinary 
moist  air  will  be  less  than  that  of  a  cubic  foot  of  dry  air. 
I 


130 


IRON. 


Assuming  5*8  lb.  or  65*5  cub.  it.  to  be  a  correct  estimate, 
this  will  be  5-8  tons,  or  about  147,000  cub.  it.,  ior  each  ton  oi 
carbon  consumed.  Assuming  the  coke  burnt  to  contain  90 
per  cent,  oi  carbon,  5*22  tons,  or  132,000  cub.  it.,  oi  air  will 
be  required  ior  each  ton  oi  coke  consumed. 

The  effect  oi  moisture  in  the  air  will  be  to  increase  the 
quantity  oi  air  required,  because  the  volume  of  water  vapour 
required  to  bum  a  given  weight  of  carbon  is  just  twice  the 
volume  of  the  oxygen  required  for  the  same  purpose,  and  al^o 
because,  water  vapour  being  lighter  than  air,  the  density 
of  the  mixture  will  be  less  than  that  of  the  dry  air.    The  effect 

of  moisture  in  reducing  the  tem- 
perature in  the  furnace  has  already 
been  mentioned. 

Blowing  Cylinder. — The  blow- 
ing cylinder  ior  the  supply  ol  air 
is  sometimes  placed  vertically  and 
sometimes  horizontally,  the  iormer 
being  the  more  general.  In  the 
older  type  oi  blowing  cylinders 
(Fig.  50)  the  intake  valves  were 
placed  at  the  bottom  and  at  the 
top,  those  at  the  bottom  being 
small  rectangular  metal  plates 
faced  with  leather  or  indiarubber, 
working  on  horizontal  valve  seats 
in  the  bottom  cylinder  cover,  and 
held  in  place  when  closed  by 
gravity.  On  the  top  cover  valve 
boxes  were  usually  fixed  in  which 
the  valves  hang  nearly  vertically, 
and  work  against  valve  seats  in 
the  boxes. 

In  many  modem  engines  gravity  valves  are  replaced  by 
valves  closed  by  a  spring,  and  these  are  often  arranged  in  a 
ring  round  the  ends  oi  the  cylinder,  which  is  lengthened  at 
each  end  beyond  the  travel  oi  the  piston  ;  and  in  some  recent 
engines  slide  valves  have  been  successiully  used.  The  outlet 
valves  by  which  the  air  passes  to  the  air  main  are  as  a  rule 
similar  to  the  intake  valves,  but  they  have  a  much  smaller  area. 
Beam  Engines. — The  early  blowing  engines  were  all  of  the 


Fig.  50. — Blowing  Cylinder, 
Section. 
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"  beam  "  type.  As  a  rule,  the  two  cyKnders  are  equidistant 
from  the  support  so  that  the  stroke  is  the  same.  Owing  to  the 
weight  of  the  nxoving  parts  and  the  slowness  of  the  motion, 
a  flywheel  is  almost  always  used,  this  being  attached  by  a 
connecting  rod  to  the  beam  at  a  point  near  the  steam  end, 
or  to  a  horn  or  projection  at  the  end  ol  the  beam  beyond  the 
steam  cylinder ;  these  were  called  hornbeam  engines.    In  the 


Fig.  51. — Beam  Blowing  Engine. 


first  erected  the  beams  were  of  wood,  but  cast-iron  was  soon 
substituted,  and  the  engines  were  much  increased  in  size. 

The  beam  blowing  engine  (Fig.  51)  is  very  strong  and 
durable,  there  being  many  at  work  to-day  which  have  been 
running  for  fifty  years.  They  can  only  be  worked  at  a  low 
speed — 50  or  60  strokes  per  minute — and  therefore  the 
cylinders  are  made  of  large  size,  those  of  the  famous  Ebbw 
Vale  engine  being  12  ft.  in  diameter,  and  having  a  stroke  of 
12  ft.,  whilst  10  ft.  in  diameter  and  10  ft.  stroke  is  a  common 
size.  Frequently  two  such  engines  are  placed  side  by  side 
and  coupled  together.  » 

Direct-acting     Engines. — The     beam     engine    is    very 
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cumbersome,  and  it  was  soon  suggested  to  replace  it 
by  a  direct -acting  engine  in  which  the  cylinders  were 
placed  in  line  either  vertically  or  horizontally,  and  the 
pistons  were  attached  to  the  same  connecting  rod.  For 
blast    furnace    work,    the    vertical    type    is    almost    always 


Section 


used  The  cylinders  of  thcic  (.ngines  arc  usually  made 
very  much  smallpr  than  those  of  beam  engines  common 
sizet  being  G  It  diameter  and  fa  It  stroke  and  5  ft  diameter 
and  5  ft  stroke  but  they  are  dnven  at  a  considerably  higher 
speed  The  arrangement?  xarj  very  much  as  to  detail 
Sometimes  the  blowing  cylinder  is  placed  at  the  top, 
and  sometimes  the  steam  cylinder     The  flywheel  is  some 


BLOWING    ENGINES.  133 

times  attached  to  a  croashead  on  the  piston  rod  between  the 
cylinders,  or  it  may  be  attached  to  the  lower  end  of  the  piston 
rod,  which  in  this  case  is  made  to  "pass  through  the  lower 
cylinder  cover,  by  means  of  a  connecting  rod.  The  vertical 
direct-acting  engine  is  the  form  now  most  generally  used  in 
British  ironworks,  -  Fig.  52  shows  such  a  blowing  engine 
half  in  section. 

Double  or  trjple  expansion   engines,  with  two  or  three 
cylinders,  the  steam  passing  from  one  to  the  other,  are  also  used. 


The  Quarter-crank  Engine.— An  engine  built  by  Messrs. 
Bichardsons,  Weatgarth  and  Company  (shown  at  Fig.  53), 
and  known  as  the  quarter-crank  engine,  is  coming  largely 
into  use.  In  this  engine  the  steam  and  air  cylinders  are 
placed  side  by  side  and  are  connected  by  connecting  rods  to 
cranks  on  the  same  driving  shaft,  the  flywheel  being  placed 
between  the  cranks.  The  cranks  are  not  placed  in  line,  but 
one  a  httle  in  advance  of  the  other,  so  that  the  two  pistons 
do  not  reach  the  dead  point  at  the  same  time. 

Oas  Engines.^Onc  of  the  most  recent  innovations  is 
the  adoption  of  gas-driven  engines  for  blowing  purposes 
(Fig.  5i).  In  the  gas  or  internal  combustion  engine  a 
mixture  of  a  combustible  gas  and  air  is  admitted  to  the 
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working  cylinder,  and  is  ttere  ignited,  the  expansion  of 
the  gaa  produced  by  the  heat  of  the  combustion  drives  the 
piston  forwards,  so  that  the  heat  of  the  gas  is  utilised  directly, 
and  not  by  way  of  the  generation  of  Steam.  At  first,  gas 
engines  were  built  only  of  small  size,  and  were  driven  by  rich 
gaa,  such  as  coal  gaa  ;  but  gradually  they  have  been  increased 
in  size,  and  designed  for  the  use  of  poorer  gas,  such  as  ordinary 
blast  furnace  gas;  and  engines  up  to  1,000  h.p.,  driven  by 
blast  furnace  gas,  are  now  in  regular  use.  The  gas  engines 
are  usually  built  horizontal,  and  the  gaa  must  be  thoroughly 
washed  so  as  to  be  free  from  tar  and  dust. 

Turbine  Engines.— Parsona'  turbine  (Fig.  55)  has  been 
ntroduced  as  a  blowing  engine,  a  steam  turbine  driving  a 


turbine  blower.  Engines  of  this  type  have  now  been  fitted 
at  several  works.  They  are  said  to  be  very  economical,  and 
they  give  a  much  steadier  blast  than  any  type  of  piston 
engine,  and  they  also  occupy  much  less  space. 

Blast  Regulation.— With  any  form  of  cyhndet  blowing 
engine  the  aii  will  leave  in  pufis  instead  of  in  a  perfectly 
uniform  streain,  owing  to  the  varyin^  speed  of  the  blowing 
piston.  To  overcome  this  difficulty  and  to  send  the  air  for- 
ward in  a  steady  stream,  blast  regulators  were  attached  to 
the  main.  These  usually  consisted  of  large  balloon-shaped 
vessels  of  sheet-iron  having  a  capacity  about  equal  to  or  a  httla 
less  than  the  blast  dehvered  per  minute.  The  niaaa  of  air 
in  the  regulator  has  sufficient  elasticity  to  take  up  the  varia- 
tions in  pressure,  being  compressed  when  the  pressure  rises 
and  expauding  again  as  it  falla.    With  modern  plant  no  blast 
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ngaLa.toT  is  necessary,  the  krge  mains  and  tot  blast  stoves 
containiog  enough  aii  to  act  aa  regulators. 

Arrangement  of  Engfines. — In  Great  Britain,  as  a  rule, 
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either  one  large  engine  is  used  to  supply  the  air,  or  two  or  more, 
are  attached  to  the  same  blast  main.  This  method  has  the 
advantage  of  simplicity,  but  the  great  disadvantage  that  all 
the  furnaces  must  be  blown  with  the  blast  at  the  same  pressure. 
In  modern  works,  especially  in  America,  each  furnace  is  pro- 
vided with  its  own  engines,  usually  three,  these  being  worked 
in  pairs,  and  the  third  standing  by  for  use  in  case  of  emer- 
gency. This  system  has  the  great  advantage  that  each  fur- 
nace can  be  given  a  blast  pressure  suited  to  its  needs.  This 
system  will  certainly  become  general  as  new  works  are  erected 
or  older  ones  are  remodelled. 

The  Mains. — The  size  of  the  mains  must  be  sufficient  to 
carry  the  air  with  but  little  friction,  and  obviously,  since  air 
expands  very  much  when  it  is  heated,  the  hot  blast  main 
must  be  larger  than  the  cold  blast,  and  many  failures  have 
arisen  from  neglect  of  this  precaution.  The  cold  blast  main 
carries  the  gas  to  the  stove,  and  the  hot  blast  from  the  stove  to 
the  furnace.  The  gas  main  takes  the  gas  from  the  furnace 
top  to  the  recovery  plant,  if  there  is  one,  and  then  to  the  hot 
blast  stove. 

Pyrometers,  etc. — A  pressure  gauge,  preferably  self- 
recording,  should  be  provided  near  the  furnace  so  that  the 
foreman  may  observe  the  actual  working  pressure  at  the  fur- 
nace and  its  variations.  Pyrometers  should  also  be  provided 
by  which  the  actual  temperature  of  the  blast  may  be  taken. 
Both  pressure  and  temperature  may  vary  very  much  during 
the  day. 

Blast  Pressure.— The  pressure  of  the  blast  must  be  suffi- 
cient to  force  the  air  through  the  furnace  at  the  rate  desired. 
For  small  charcoal  furnaces  the  pressure  may  be  as  low  as  J  lb. 
per  square  inch.  Ordinary  Scotch  furnaces  with  an  output  of 
about  300  tons  a  week  use  a  blast  pressure  from  3 J  lbs.  to  5  lbs., 
whilst  in  many  modern  furnaces  a  pressure  of  11  lbs.  or  more 
is  used.  The  engines  must,  of  course,  be  capable  of  steadily 
maintaining  the  necessary  pressure,  and  should  be  capable  of 
giving  more  in  case  of  emergency.  Many  modern  blowing 
engines  are  capable  of  giving  a  pressure  of  22  lbs.  or  more, 
but  they  are  not  worked  regularly  at  the  full  pressure. 
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HEATING   THE   BLAST. 

The  introduction  of  hot-blast  instead  oi  cold-blast  was 
attended  with  an  economy  in  fuel  and  an  increased  make  of 
iron  by  the  furnaces,  as  already  stated.  A  temperature  of 
1,500°  F.  (815°  C),  or  a  visible  red  heat,  is  now  commonly 
employed.  But  in' the  production  of  these  higher  tempera- 
tures the  stoves  of  the  older  type,  with  cast-iron  pipes,  are 
rapidly  destroyed,  and  other  stoves  constructed  upon  the 
regenerative  principle  of  Sir  W.  Siemens  are  always  used. 
The  first  attempts  to  heat  the  blast  were  made  by  passing 
the  airi;hrough  iron  boxes  or  pipes  heated  by  separate  fires. 

U-Pip6  Stove. — The  first  successful  form  of  pipe-stove  or 
oven  consisted  of  a  series  of  eight  or  twelve  parallel  arched 
pipes  or  tubes  of  cast-iron,  of  circular  or  elliptical  section, 
arranged  in  an  oblong  chamber  of  fire-brick,  along  the  sides  of 
which  were  two  circular  mains  fitted  with  sockets,  into  which 
the  legs  of  the  vertical  pipes  were  fitted,  while  between  the 
mains,  and  running  the  full  length  of  the  stove,  was  a  rect- 
angular fireplace.  The  cast-iron  pipes  were  n -shaped,  and 
stood  vertically  in  the  stove,  with  one  foot  in  a  socket  upon 
the  horizontal  main  running  along  one  side  of  the  furnace,  and 
the  other  foot  in  a  corresponding  socket  upon  the  main  on 
the  other  side,  and  so  the  tubes  spanned  across  the  fireplace  ; 
for  this  reason  it  was  called  the  U-pipe  stove.  There  were 
stops  or  partitions  in  the  horizontal  main,  so  that  the 
cold  blast  from  the  blowing  engines,  entering  at  one  extremity 
of  the  one  main,  ascended  from  it  through  one  set  of  D  pipes 
passing  across  the  stove,  and  then  back  again  by  the  next  set, 
and  so  on  to  the  other  end  of  the  stove,  the  cold  air  thus 
passing  several  times  over  the  fire  before  it  left  the  stove  by 
the  hot-blast  main  to  the  furnace. 

The  pipes  at  first  were  heated  by  burning  fuel  upon  the 
rectangular  central  fire-grate,  but  later  burning  blast  furnace 
gas  along  the  median  line  of  the  stove.  In  each  case 
the   flame   and   heated   gases   passed   between   and   around 
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the  atove- pipes,  thus  heatiiig  them  on  the  exterior, 
and  the  producte  of  combustion  finally  escaped '  from 
a  chimney  in  the  dome  or  roof  of  the  stove.  The  better  to 
absorb  the  heat,  the  Btovea  were  sometimes  divided  into  two 
chambers,  by  a  partition  wall  reaching  from  the  floor  almost  to 


Fig,  66. — Pistol-pipe  Hotblnst  Stove,  Vertical  Section. 

the  loof,  SO  that  the  flame  and  gases  first  circulated  through  one 
halt,  and  then  passed  over  the  division  wall,  and  through  the 
second  half  of  the  stove,  before  escaping  by  the  chimney. 
The  stove-pipes  frequently  broke  by  their  own  contraction  and 
expansion  as  the  temperature  varied,  and  to  mitigate  this, 
a  suggestion  was  made  to  place  one  of  the  horizontal  mains 
upon  rollers,  so  that  it  was  free  to  move  inwards  or  outwaida 
with  the  expansioa  and  oontraotion  of  the  l^p. 
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Pistol-pipe  Stove. — The  pistol-pipe  stove  is  another  form  of 
the  cast-iron  pipe  arrangement  used  for  some  of  the  furnaces  in 
Cleveland,  Scotland,  France,  and  Germany.  In  this  stove  (Fig. 
56)  the  two  legs  of  the  pipes  in  the  previous  arrangements  are 
replaced  by  a  single  pipe,  divided,  as  shown,  by  a  septum  or 
dividing  rib,  h,  reaching  from  the  mouth  almost  to  the  top 
or  closed  end  of  the  pipe,  and  so  practically  dividing  each 
pipe  into  two  tubes.  The  closed  end  is  enlarged  shghtly 
and  bent  over  somewhat,  so  that  its  form  bears  some  re- 
semblance to  the  stock  of  a  pistol,  hence  the  name.  When 
the  stove  is  heated  by  solid  fuel,  these  pipes  are  arranged 
on  each  side  of  a  rectangular  fireplace,  c ;  and  the  pipes  on 
each  side  of  the  stove  lean  over  towards  each  other,  so  as 
almost  to  come  into  contact ;  thus  the  cold  air  enters  at  the 
bottom  of  the  stove  into  one  division  of  the  box  a,  a, 
in  which  the  pipes  stand,  and,  since  these  are  divided  into 
compartments  by  divisions  corresponding  to  those  in  the 
pipes,  the  air  or  blast  ascends  in  succession  through  one  side, 
as  shown  by  the  arrows,  and  descends  along  the  other  side  of 
the  division  in  each  pipe,  imtil  it  finally  passes  out  from  the 
end  of  the  stove  to  the  hot-blast  main,  and  thence  to  the 
furnace. 

The  heating  surface  suppKed  by  pipe-stoves  is  usually 
calculated  so  as  to  allow  about  one  square  foot  for  each  cubic 
foot  of  blast  passing  through  the  pipes  per  minute,  if  the  stoves 
are  fired  with  coal,  or  about  10  to  20  per  cent,  more  if  fired  with 
the  waste  gases.  Many  other  forms  of  pipe  stoves  were  intro- 
duced at  various  times,  but  none  of  them  is  now  in  use, 
having  been  completely  displaced  by  the  modem  fire  brick 
stoves  on  the  regenerative  system. 

The  use  of  cast-iron  pipe-stoves  was  attended  with  serious 
loss  and  inconvenience,  arising  from  the  frequent  fracture 
of  the  pipes  due  to  the  repeated  alternations  of  temperature 
to  which  they  are  subjected,  and  to  the  expansion  and 
contraction  of  the  pipes  during  the  working  of  the  stoves. 
A  further  cause  of  fracture  is  the  rapid  oxidation  and  de- 
struction of  the  pipes  at  the  high  temperatures. 

FIRE     BRICK    STOVES. 

Cowper  Stove. — Of  the  fire  brick  stoves,  the  Cowper 
stove,  invented   by    Mr.    Cowper,   of    Middlesbrough,  was 


140  JftOJV. 

the  first.  It  consists  of  an  outer  wrought-iron  casing 
(Figs.  57  and  58),  lined  internally  with  several  rings 
of  fire-brick,  built  in  balf-brick  courses,  the  stove  being 
closed  hy  a  dome-shaped  roof,  also  lined  with  fire-brick. 
Within  this  casing  is  built  up  a  circular  fire-brick  combustion 
chamber,  m,  at  the  base  of  which  are  the  inlet  valves  o,  for  the 
gases  from  the  blast  furnace  and  the  valve  a,  admitting  the  air 


necessary  for  the  combustion  of  the  gases  ;  whilst  h  is  the 
outlet  valve  for  the  hot-blast.  The  body  of  the  stove  is 
filled  by  the  regenerators  or  fire-brick  chequer  work  (,  at 
the  base  of  which  are  the  cold-blast  valve  b,  and  the  chimney 
valve  c,  while  at  d,  d  are  the  cleaning  doors.  Placed  at  in- 
tervals over  the  bottom  of  the  stove  are  dwarf  pillars,  n, 
of  brick  or  iron,  which  carry  short  girders  upon  which  rest 
a  series  of  strong  grids,  which  support  the  regenerators 
In  the  original  form  cf  stove  the  regenerator  bricks  were 
2  in.  thick,  5  in.  wid3,  and  12  in.  long,  and  were  arranged 
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so  as  to  leave  vertical  open  passages  about  4  in.  square 
through  the  entire  height  of  the  stove — that  is,  from  the  grids 
at  the  bottom  to  within  a  few  feet  of  the  domed  top  of  the 
stove.  When  the  chimney-valve  o  is  open,  gas  and  air  are 
admitted  at  the  bottom  of  the  combustion  chamber  bv 
the  valves  G  and  a  respectively  ;  the  gas  immediately  ignites 
and  is  split  up  into  three  currents  by  the  divisions  shown 
in  Fig.  58 ;  thus  a  more  complete  mixture  of  the  air 
and  gas  is  effected,  and  an  immense  flame  ascends  through 
the  flame  flue,  spreading  out  beneath  the  dome  over  the  top 
of  the  regenerators.  The  flame  and  heated  products  of 
combustion  then  pass  slowly  to  the  bottom  of  the  stove, 
through  the  numerous  square  passages  in  the  chequer  work, 
before  they  escape  by  the  chimney  flue.  In  this  manner 
the  mass  of  brickwork  within  the  stove,  absorbing  heat  from 
the  incandescent  gases  in  contact  with  it,  attains  to  a  very 
high  temperature,  the  upper  layers  of  brickwork  naturally 
becoming  hotter  than  the  brickwork  near  the  bottom  of  the 
stove,  while  the  products  of  combustion  are  reduced  in  tem- 
perature as  they  descend  through  the  stove  and  finally  pass 
out  by  the  chinmey  flue  c,  at  a  temperature  of  about  400°  F. 
(240°  C). 

The  stove  having  thus  been  heated  by  the  combustion 
of  the  blast  furnace  gases  within  it,  and  by  the  passage 
of  the  products  of  combustion  through  it,  the  gas-valve  G, 
the  air- valve  a,  and  the  chimney- valve  c  are  all  closed, 
while  the  cold-blast  valve  b  at  the  bottom  of  the  stove  is 
opened,  as  is  also  the  hot-blast  valve  h  near  the  bottom  of 
the  flame  flue.  The  cold  air  then  enters  the  stove  at  the 
lower  or  cool  end  of  the  regenerator,  and  slowly  ascends 
through  the  height  of  the  stove  along  the  small  but  numerous 
passages  of  the  regenerator,  and  from  thence  down  again 
through  the  combustion  chamber,  and  so  out  by  the  hot-blast 
valve  H  to  the  blast  main  and  thence  to  the  furnace  tuyeres. 
The  cold  air  thus  traverses  the  stove  in  exactly  the  reverse 
direction  to  that  followed  by  the  gases  in  heating  the  stove, 
whereby  the  cold  blast  slowly  takes  up  the  heat  given  out  by 
the  brick  surfaces  of  the  stove,  and  the  blast  is  quickly  raised 
to  a  temperature  of  1500°  F.  (815°  C.)  or  redness.  Since  the 
blast  first  enters  at  the  lower  or  cooler  part  of  the  stove,  it  is 
gradually  heated  to  the  above  temperature  without  materially 


Fig.  59.— Whitwell  Hol-blast  Stove,  .SeolionRi  Elevation. 

cooliDg  the  upper  layers  of  lirickwork  in  the  regenerators, 
before  the  lower  parts  have  lost  much  of  their  heat,  and  in 
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this  manner  the  stove  affords  a  fairly  regular  temperature,  the 
upper  part  never  falling  below  ledness. 

Two  stoves  are  worked  in  conjunction,  so  that  whilst 
one  stove  is  being  heated  hy  the  combustion  of  the  blast 
furnace  gases,  the  cold  air  is  being  driven  through  the  otbei 
and  heated  to  the  temperature  required  for  the  blast  furnace. 
Two  stoves  are  necessary  for  one  furnace,  but  three  atovea 
can  be  made  to  serve  two  furnaces.  The  main  from  the 
stoves  to  the  furnace  is  usually  made  about  3  ft.  in  diameter, 
and  is  lined  with  a  9-in,  course  of  fire-brick  to  prevent  cooling 
and  corrosion. 


Fi(r.  6(1.— Whitwell  Hot-blast  Stove,  Sectional  Plan. 

In  the  modem  Cowper  Btovea  bricks  of  special  form  are  used 
so  as  to  give  a  scries  of  vertical  passages  and  thus  give  no 
facilities  for  the  lodgment  of  dust.  Cowper  stoves  are  from 
60  ft.  to  75  it.  high,  and  from  20  ft.  to  25  ft.  in  diameter, 
the  larger  stoves  having  about  75,000  sq.  ft.  of  heating  surface. 

Whitwell  StovB.— The  Whitwell  stove  differs  from  the 
Cowper  principally  in  the  arrangement  of  the  heating  sur- 
faces, which  in  this  case  consist  of  broad  spaces  and  flat 
walls.  The  air  is  often  admitted  at  several  points,  so  that 
the  combustion  of  the  gases  first  entering  the  stove  is  only 
completed  after  they  have  traversed  partly  through  the 
stoves. 

The  Whitwell  stoves  have  been  built  in  England  up  to 
6S  ft.  in  height,  by  22  ft.  in  diameter,  and  containing  26,000 
aq.  ft,  of  beating  surface  ;  while  in  America  they  are  working 
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as  large  as  70  ft.  in  height  and  21  ft.  in  diameter,  with  a  heating 
surface  of  30,000  sq.  ft.  These  stoves  (Figs.  59  and  60)  have 
an  outer  shell  or  casing  of  wrought-iron  plates,  lined  internally 
with  fire-brick,  while,  to  permit  of  the  expansion  and  con- 
traction of  the  lining,  there  is  left  a  space  of  1  in.  between  the 
iron  casing  and  the  lining,  this  being  usually  filled  in  with 
granulated  slag.  Within  this  cylindrical  chamber  is  built 
a  series  of  long  narrow  vertical  walls  forming  chambers, 
m,  communicating  with  each  other  at  the  top  and  bottom. 
The  partition  walls  nearest  to  the  point  where  the  blast 
furnace  waste  gases  first  enter  become  hotter  than  the  rest 
of  the  stove,  and  are  built  thicker  than  those  near  to  where 
the  gases  make  their  exit. 

The  gases  from  the  blast  furnace  enter  the  stove  through 
the  valve  a,  fixed  on  the  side  of  the  stove  casing,  and,  meet- 
ing immediately  with  the  air  passing  from  the  air-valves 
(also  fixed  to  the  external  casing)  through  the  air-courses  G, 
combustion  at  once  ensues,  and  the  incandescent  gases  rise 
to  the  top  of  the  chamber,  distribute  themselves  over  one  or 
more  walls,  as  indicated  by  the  arrows,  and  descend  through 
one  or  more  smaller  chambers  towards  the  bottom  of  the 
stove,  the  gases  imparting  their  heat  to  the  fire-brick  walls 
as  they  pass  over  their  surface.  A  further  supply  of  air  is 
admitted,  and  mixes  with  the  gases  at  the  bottom  of  the 
stove ;  here  more  complete  combustion  ensues,  and  the 
products  re-ascend  either  by  another  wide  combustion  chamber 
or,  in  the  older  designs,  through  two  or  three  of  the  narrow- 
chambers,  and  finally  descend  through  the  remaining  chambers 
to  the  chimney- valve  c,  from  whence  the  gases  pass  away 
to  the  chimney  at  a  temperature  of  from  300°  to  400°  F. 
(149°  to  204°  C).  The  communications  between  the 
several  chambers,  through  which  the  gases  pass  at  the  top 
and  bottom,  are  placed  so  as  to  cause  them  to  travel  as  much 
as  possible  towards  the  sides  of  the  stove,  and  so  render  the 
total  heating  surface  as  effective  as  possible.  In  the  casing 
of  the  stove,  and  opening  through  the  lining,  are  a  row  of 
eye-pieces,  p,  opening  into  the  several  chambers,  so  that  the 
state  of  the  stove  may  be  observed,  and  the  combustion  of 
the  gases  regulated  accordingly. 

In  the  latest  Whitwell  stoves  the  products  of  combustion 
leaving  the  combustion  chambers  distribute  themselves  over 
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the  whole  of  the  passages  and  pass  downwards  to  the 
flue,  the  gas  passing  therefore  only  once  down  the  stove. 
When  the  stove  is  sufficiently  heated,  which  happens  after 
a  lapse  of  from  one  to  two  hours,  the  gas-valve  is  closed, 
and  then  the  chimney  and  air- valves  are  also  closed, 
while  the  cold-blast  valve  d,  and  the  hot-blast  valve  b, 
are  opened,  wiiereby  the  blast  enters  the  stove  at  its  coolest 
part,  and  traverses  the  chambers  in  the  reverse  direction 
to  that  pursued  by  the  gases  in  heating  up  the  stove. 
The  heated  blast  finally  leaves  the  stove  by  the  valve  B, 
to  the  hot-blast  main,  and  it  has  then  an  average  temperature  of 
1400°  F.  (738°  C.)  to  1500°  F.  (815°  C).  One  stove  is  alter- 
nately heated  up  by  the  combustion  of  the  waste  gases,  and 
is  then  employed  in  giving  up  its  heat  to. the  blast  forced 
through  it,  and  if  these  reversals  or  changes  are  made  at 
sufficiently  small  intervals  to  prevent  the  hotter  end  of  the 
stove  from  falling  below  redness,  it  is  assured  that  the  gases 
always  ignite  immediately  they  enter  the  stove,  and  the 
temperature  of  the  blast  is  kept  more  regular. 

The  Whitwell  stoves  are  provided  with  doors,  r  (Fig.  59), 
at  the  top,  through  which  scrapers  can  be  introduced  for 
raking  and  cleaning  out  the  dust  from  the  walls ;  the 
dust,  etc.,  so  collected  on  the  floor  of  the  stove  being  after- 
wards removed  through  the  six  side  cleaning-doors  e  (Fig.  60), 
at  the  bottom  of  the  stoves.  This  operation  of  cleaning 
occupies  from  eight  to  ten  hours,  but  can  be  effected  whilst 
the  stove  is  still  at  a  red  heat,  and  requires  repeating  every 
two  or  three  months. 

The  Massick  and  Crookes  stove  resembles  that  oi  Whitwell, 
but  is  claimed  to  afford  greater  facilities  for  cleaning.  The 
combustion  chamber  is  in  the  centre,  the  heating  chambers 
being  around  it,  the  gas  traverses  the  stove  three  times. 

The  Ford  and  Moncur  Stove. — This  (see  Figs.  61  and 
62)  is  now  one  of  the  most  popular  stoves,  and  is  largely 
replacing  the  earUer  forms.  It  differs  from  the  others. in 
several  respects.  The  combustion  chamber  extends  right 
across  the  stove,  thus  dividing  it  into  two  heating  chambers, 
one  on  each  side,  each  of  these  being  again  divided  into  two 
by  a  cross  wall,  so  that  there  are  four  distinct  heating  cham- 
bers^ and  each  of  these  is  provided  with  its  own  set  of  valves, 
and  any  one  can  be  "  cut  out "  if  necessary. 
J 
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The  heating  chamhera  are  divided  into  narrow  passages 
by  a  aeries  of  parallel  walls,  and  these  are  crossed  by  a  large 
number  of  lozenge -shaped  bricks  placed  with  the  sharp  edges 
upwards  and  arranged  so  as  to  "  break  joint."  A  chequer 
work  is  thus  formed,  which  ia  very  strong,  ofEera  a  large  heat- 
ing surface,  and  does  not  accumnlate  duat.  Actosa  the  upper 
part  of  the  combustion  chamber  arches  are  bnilt  which  carry 
walla  dividing  it  into  paaaages  so  as  to  help  the  absorption 
of  heat.  The  gas  and  air  enter  the  combustion  chamber 
where  they  are  burned,  and  the  products  spread  over  the  heat- 


Fig.  61,  Fig.  63. 

FigB,  61  and  62.^Ford  and  Monour  Stove,  Sections  at  Riglit  Angles 

to  and  through  the  Combustioo  Chamber, 

ing  chambers  and  descend  to  the  fine.  The  heating  surface  is 
very  large,  a  stove  72  ft.  high  having  about  64,000  sq.  ft. 

Valves. — The  stoves  must  be  provided  with  efficient 
valves.  The  cold  air  valve  usually  opens  to  the  outer  air;  it 
is  provided  with  a  cover,  by  which  the  amount  of  air  admitted 
can  be  regulated.  The  cold  blast  valve  may  be  an  ordinary 
disc  valve,  but  the  hot  blast  valve,  being  subject  to  great  heat, 
is  always  made  hollow,  and  ia  kept  cool  by  the  circulation  of 
water  or  air. 

Cleaning    Stores. — A  conaiderable   quantity   of  duat  is 
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carried  over  into  the  stoves,  and  the  air  current,  being  slower 
than  in  the  mains,  a  good  deal  settles  out,  and  it  is  very  im- 
portant to  allow  no  places  for  the  lodgment  of  this  dust. 
Dust-catchers  keep  back  some  of  the  dust,  but  not  by  any 
means  all.  Cleaning  doors  are  provided,  which  can  be  in- 
stantaneously opened.  The  cold  blast  is  sent  in,  all  the 
valves  are  closed,  and  the  air,  expanding  by  the  heat,  exerts 
considerable  pressure;  then  the  doors  are  suddenly  opened, 
and  the  dust  is  blown  out. 

In  the  older  forms  of  stove,  where  tlie  dust  found  ready 
lodgment  on  the  bricks,  it  was  common  to  explode  a  small 
charge  of  powder  or  fire  a  gun  into  the  stove  to  shake  down 
the  dust.  Often  cleaning  holes  are  provided  in  the  roof  by 
which  wire  brushes  can  be  passed  down  the  passages  ;  and 
sometimes  the  stoves  are  built  on  columns  with  cleaning 
doors  at  the  bottom,  so  that  brushes  can  be  put  upward,  this 
being  always  done  when  the  stove  has  been  for  some  time  on 
air,  so  that  the  bottom  is  comparatively  cool. 

Size  and  Number  of  Stoves. — Stoves  are  now  built  up  to 
80  ft.  high  and  25  ft.  in  diameter.  In  this  country,  usually 
all  the  stoves  are  in  connection  with  the  same  main,  so  that 
all  the  air  supplied  to  the  furnaces  is  at  the  same  temperature. 
As  the  stoves  are  worked  in  pairs,  at  least  two  must  be  used, 
and  in  general  there  will  be  some  multiple  of  two,  unless,  as 
is  often  the  case,  an  additional  one  is  provided  to  allow  for 
repairs.  In  general,  two  stoves  should  be  provided  for  each 
furnace,  but  in  many  works  the  number  is  less,  whilst  in  some 
recent  works  four  stoves  are  provided  per  furnace.  In  the 
best  modem  practice  each  furnace  has  its  own  pair  of  stoves, 
an  additional  one  being  provided  to  allow  of  repairs. 

The  amount  of  heating  surface  required  varies  with  the 
temperature  of  the  blast.  For  a  large  output  and  a  very  hot 
blast  Mr.  Stevenson  gives  444  sq.  ft.  of  heating  surface  for 
each  ton  of  iron  produced  in  twenty-four  hours. 

Equalising  Temperature  of  the  Blast. — With  fire-brick 
stoves,  which  are  usually  reversed  every  hour,  there  must  be 
a  variation  in  temperature,  the  blast  being  hottest  when  the 
stove  is  first  put  on,  and  falling  gradually.  With  a  blast  at 
1,300°  or  1,400°  F.  (700M60°  C.)  the  fall  of  temperature 
during  the  run  will  be  about  200°  F.  (110°  C).  This  can,  to 
Bome  extent,  be  prevented,  the  temperature  being  reduced  to' 
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the  lower  point  by  admitting  a  regulated  and  diminishing 
quantity  of  cold  air  to  the  hot  blast  main.  This  is,  however, 
troublesome.  Messrs.  Gjers  and  Harrison  have  recently 
suggested  the  use  of  an  "  equaliser,"  which  is  simply  a  large 
hot  blast  stove,  so  placed  that  the  hot  air  from  the  stoves  on 
its  way  to  the  furnace  passes  through  it.  Thus  the  variation 
in  the  blast  temperature  is  reduced  to  a  very  small  amount. 

Use  of  Dry  Air. — For  a  large  output  it  is  essential  that  the 

temperature  at  the  bosh  of  the  furnace  should  be  kept  as  high 

as  possible.     If  the  air  blown  into  the  furnace  contains — 

as  it  always  does — water,  this  is  decomposed  thus  :  H^O  +  C 

=  CO  +  2H,  yielding  hydrogen  and  carbon  monoxide.      The 

carbon  burning  to  carbon  monoxide  will  evolve  the  same 

amount  of  heat  as  if  it  were  burnt  by  air  ;  but  each  9  lb.  of 

water  decomposed,  Hberating  1  lb.  of  hydrogen,  will  absorb 

29,000  imits  of  heat.    This  can  only  be  prevented  by  using 

dry  air.    The  air  is,  of  course,  not  dried  by  heating,  the  term 

"  dry  "  commonly  appUed  to  hot  air  not  meaning  that  it  is 

dry  in  the  true  sense  of  being  free  from  moisture,  but  merely 

that  it  can  take  up  a  larger  quantity,  and  therefore  seems 

dry.    The  only  way  to  dry  the  air  is  to  cool  it,  so  that  the 

water  which  it  holds  is  precipitated  in  the  soUd  form.    Mr. 

Grayley  has  suggested  that  the  air  should  be  dried  before 

being  passed  to  the  hot  blast  stoves.    He  passes  the  air  through 

refrigerating    chambers    consisting    of    iron    pipes    through 

which  brine  cooled  below  0°  C.  is  made  to  circulate  so  that  the 

moisture  in  the  air  is  precipitated.    Not  only  is  the  quantity 

of  moisture  in  the  air  considerable,  but  it  is  constantly  varying, 

and  in  the  case  of  Pittsburg  Mr.  Gayley  has  calculated  that 

for  a  furnace  using  40,000  cub.  ft.  of  air  per  minute,  from 

73  to  237  gallons  of  water  are  carried  into  the  furnace  per 

minute,  according  to  the  condition  of  the  air.    The  use  of  dry 

air,  he  contends,  increases  and  equalises  the~  output,  and 

reduces  the  consumption  of  fuel.    Against  this  has  to  be  set 

the  cost  of  the  refrigerating  plant,  and  whether  the  method 

will  be  profitable  remains  to  be  proved. 

Temperature  of  the  Blast. — The  blast  is  now  generally 
used  at  a  temperature  of  about  1,400°  F.  to  1,500°  F.  (760°  C. 
to  815°  C).  The  temperature  should  always  bo  taken  and 
recorded  by  a  pyrometer  placed  in  the  hot  blast  main  as 
near  as  possible  to  the  furnac& 
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CHAPTER   XI. 

WOBKING  THE   BLAST   FURNACE. 

Charcoal  burns  very  readily,  and  owing  to  its  being  very 
porous  gives  a  very  high  temperature  at  the  tuyeres.  It 
is  so  easily  crushed  that  only  small  furnaces  can  be  used. 
Charcoal,  being  free  from  sulphur,  produces  a  superior 
pig-iron;  but,  owing  to  its  cost,  furnaces  employing  it  are 
almost  extinct.  Even  in  Sweden,  charcoal  has  been  super- 
seded by  coke.  From  21  cwts.  to  22  cwts.  of  charcoal  are 
required  per  ton  of  pig  produced. 

Coke  is  the  chief  fuel  employed  in  iron  smelting,  and  in 
selecting  the  best  coke,  regard  should  be  paid  to  its  freedom 
from  ash  and  its  power  to  resist  a  crushing  pressure.  A  hard 
coke,  yielding  but  a  small  proportion  of  a.sh  matter,  is  pre- 
ferred. The  hard,  compact  coke  employed  in  the  Cleve- 
land district  contains  from  4  per  cent,  to  10  per  cent. 
of  ash,  and  from  0'25  per  cent,  to  I'O  per  cent,  of  sulphur ; 
and  an  average  of  from  20  cwts.  to  22  cwts.  of  it  is  consumed 
in  the  production  of  one  ton  of  No.  3  grey  foundry  pig  from 
Cleveland  ironstone,  yielding,  after  calcination,  about  46  per 
cent,  of  metallic  iron  ;  and  about  |  cwt.  under  or  above  these 
figures  is  required  respectively  for  the  production  of  a  number 
under  or  above  No.  3  pig  in  quality.  Thus,  if  20  cwts.  of 
coke  be  required  for  the  production  of  No.  3  pig-iron,  then 
20J  cwts.  will  be  necessary  for  the  production  of  one  ton  of 
No.  2. 

The  coke  may  be  made  either  in  Beehive  or  recovery 
ovens.  At  one  time  there  was  a  prejudice  against  the  latter, 
but  that  is  now  dying  out,  and  most  of  the  large  works  recover 
the  by-products  in  the  manufacture  of  the  coke. 

Coal  is  only  used  in  localities  where  suitable  coals  occur.  It 
must  be  of  the  non-caking  variety,  as  free  as  possible  from 
Bulphur,  and  should  afEord  but  a  small  percentage  of  ash  ; 
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Caking  coal  has  a  tendency  to  collect  into  lumps,  and  so  to 
obstruct  the  passage  of  the  gases. 

Raw  coal  is  used  only  in  Scotland,  Staffordshire,  and  a 
few  other  localities,  and  except  in  Scotland  (and  some- 
times even  there)  it  is  usually  mixed  with  coke.  The  coal 
used  is  of  the  kind  called  splint  coal,  a  non -caking  coal  burn- 
ing with  a  long  flame.  It  yields  only  from  50  to  65  per 
cent,  of  coke,  and  this  coke  is  soft  and  friable.  The  volatile 
matter  is  expelled  near  the  top  of  the  furnace,  so  that  it 
is  only  the  fixed  carbon*of  the  coke  which  is  available  for 
combustion,  and  therefore  a  larger  quantity  of  coal  than 
of  coke  is  required  for  the  production  of  the  same  weight  of 
iron.  In  Scotland  about  32  cwts.  to  36  cwts.  of  coal  are 
used  for  each  ton  of  iron  produced.  Owing  to  the  coke  yielded 
by  splint  coals  being  very  friable,  the  furnaces  used  are  always 
of  small  size,  an  actual  working  depth  of  45  ft.  to  50  ft.  being 
the  greatest  that  can  be  used  satisfactorily,  or  somewhat  more 
if  a  mixture  of  coal  and  coke  be  used. 

Anthracite  is  a  dense  coal  containing  very  little  volatile 
matter.  It  is  not  porous,  and  so  presents  only  a  small  surface 
to  combustion,  and  tends  to  crumble  to  powder  under  pressure 
when  hot.  A  high  blast  pressure  is  therefore  required  when 
it  is  used.  Anthracite  is  now  rarely  used  except  mixed  with 
coke. 

The  following  table  will  give  an  idea  of  the  composition 
of  the  various  fuels  : — 


A 

B      t 

C 

D 

E 

F 

Volatile  Matter 

^^ 

1 

___ 

•460 

42-30 

42^05 

Fixed  Matter — i.e. 

Coke 

10000 

100  00 

100  00 

99-640 

57^70 

57-95 

Fixed  Carbon 

97-00 

87-67 

90-31 

89-576 

54^90 

54-00 

Ash 

300 

10-15 

8-45 

9113 

2*80 

3-95 

Sulphur 

— 

1-73 

1-26 

•821 

•88 

1^15 

Moisture 

— 

•65 

—— 

•210 

71 

810 

A. — Charcoal.  B. — Yorkshire  Coke.  C. — Scotch  Coke.  D. — Connels- 
ville  Coke.     E.— Govan  Splint  Coal.     F. — Kussel  Splint  Coal. 

A^  already  remarked,  the  quantity  of  air  required  is  about 
6  tons  for  each  ton  of  carbon  consumed,  so  that  it  really  forms 
the  largest  portion  of  the  income  of  the  furnace. 
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FURNACi:    CHARGES. 

The  proportions  of  the  various  mat-erials  to  be  charged 
iato  the  furnace  must  be  carefully  determined,  and 
this  can  only  be  done  if  the  composition  of  the  material 
being  used  is  exactly  known,  and  therefore  the  chemical 
laboratory  is  a  very  important  part  of  the  equipment  of  a 
modem  works  working  under  the  best  conditions.  In  the 
earlier  works,  where  ore  of  only  one  quality,  usually  obtained 
from  one  mine,  was  used,  analysis  was  of  less  importance,  but 
now  with  materials  of  very  varying  composition  drawn  from 
all  parts  of  the  world,  accurate  analysis  is  essential. 

The  various  cargoes  of  ore  as  they  come  in  will  be  sampled 
and  analysed,  and  of  course  kept  in  separate  ore  bins.  The 
calculations  to  be  made  will  be,  in  general,  three  : — 

(1)  To  ascertain  the  amount  of  flux  (limestone)  to  be  added 
to  the  charge. 

(2)  To  ascertain  the  amount  and  composition  of  the  iron 
which  will  be  obtained. 

(3)  To  ascertain  the  proportions  in  which  ores  must  be 
mixed  to  give  an  iron  of  definite  composition. 

In  order  that  these  calculations  may  be  made,  it  is  neces- 
sary to  know : — 

(1)  The  composition  of  the  ore. 

(2)  The  amount  and  composition  of  the  ash  of  the  fiiel 
being  used. 

(3)  The  composition  of  the  limestone  available  as  a  flux. 

(4)  The  type  of  silicate  which  it  is  intended  the  slag  shall  be. 

In  order  to  illustrate  the  method  of  making  the  calcula- 
tions the  simplest  plan  will  be  to  take  an  example.  Assume 
that  the  ore  to  be  used  has  the  following  composition  ; — 


Ferric  oxide 

70 

per  cent. 

Iron        .     49*00  per  cent. 

Manganese  oxide 
Alumina 

—  Manganess    l'5o        ., 

Lime  .... 

ft 

Magnesia 

Silica  .... 

12 

Sulphur 

Phosphoric  anhydride 

Water 

ft 
>• 

if 

—  Phosphorus    -43         „ 

100 
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The  coke  contains  1  per  cent,  of  sulphur,  and  yields  10  per  cent, 
oi  ash,  which  has  the  composition  : — 

Silica 50*0  per  cent. 

Alumina  .         .         .         .         .  45*0     ,, 

Lime 2-5     „ 

Magnesia 2*5     „ 

100  0 

The  available  limestone  contains  : — 

Calcium  carbonate    .         .         .97  per  cent. 
Silica         .         .         .         .         .       3         „ 

100 

A.  The  Amount  and  Composition  of  the  Iron  that  will  be 
Obtained. — The  furnace  is  being  run  for  a  No.  1  iron  to  con- 
tain about  3*5  per  cent,  of  carbon  and  2*5  per  cent,  of  silicon. 
It  may  be  assumed  that  other  impurities  will  be  about  2  per 
cent.  This  can  be  judged  roughly  from  the  analysis  of  the 
ore,  and  great  accuracy  is  not  necessary,  as  the  iron  cannot  be 
made  exactly  to  the  required  composition.  The  pig  iron  will 
then  contain  92  per  cent,  of  iron. 

The  ore  yields  49  per  cent,  of  pure  iron,  but  the  amount 
of  pig  iron  will  be  larger  in  the  proportion  of  92  :  100 — that  is, 

49  X  100 

— =  53*25,  say  53*2  per  cent.,  or  1  ton  will  yield  about 

10*7  cwt.  of  pig  iron.  The  whole  of  the  phosphorus  and  one 
half  of  the  manganese  will  pass  into  the  iron.  The  ore  con- 
tains '43  per  cent,  of  phosphorus.  That  is,  there  will  be  "43 
lb.  of  phosphorus  in  the  52*7  lb.  of  pig  iron,  so  that  the  com- 

43  X  100 
position  will  be  — pir;^ —  =  '808,  say  '81  per  cent.    The  ore 

contains  1*55  per  cent,  of  manganese,  of  which  one-half  will 
probably  go  into  the  iron  ;   the  percentage  will  therefore  be 

•77  X  100 

„       -  =  1*45,  say  1*5  per  cent.    The  pig  iron  will  tLere- 

fore  contain : — 
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Iron 

.     917  per  cent 

Carbon  . 

.       3-5         „ 

Silicon  . 

.       2-5         „ 

Manganese  ■    . 

.       1-5         „ 

PhoBphorus    . 

.         .         -8         „ 

1000 


These  figures  are,  of  course,  only  approximate,  and  the 
iron  contains  only  91 '7  instead  of  the  92  per  cent,  of  iron 
assumed. 

It  is  obvious  that  this  method  of  calculation  would  not  be 
applicable  if  there  were  a  large  quantity  of  phosphorus  or 
manganese  present,  unless  the  percentage  of  iron  likely  to  be 
present  be  judged,  as  it  easily  can  be,  from  the  analysis  of 
the  ore. 

Suppose  the  ore  had  contained  3  per  cent,  of  phosphorus. 
Taking  in  all  other  respects  the  same  figures  as  before,  it  is 
seen  that  the  iron  and  phosphorus  together  will  amount  to 
about  93  per  cent,  of  the  weight  of  the  pig-iron,  so  that  the 
amount  of  iron  obtained  for  each  100  lbs.  of   ore  will  be 

(^  t?)  X  100  =  55-9,  say  56  lbs.     In  this  56  lbs.  there  will 
Jo 

be  3  lbs.  of    phosphorus,  so  that  the    percentage  will    be 

3  X  100 

— — —  =  5*36,  say  5*4%.  •  As  the  total  amount  of  pig-iron 

Do 

produced  per  ton  of  ore  is  slightly  larger,  the  percentage  of 
manganese  will  be  slightly  less  by 

■:^^  =  1-19.  .ay  1-2%. 
and  the  composition  of  the  iron  will  be  : — 


Iron 

Carbon  . 
►Silicon    . 
Manganese 
Phosphorus 


87*5  per  cent. 
3-5 
2o 
11 
54 


it 


1000 


Calculation  of  the  Charge. — In  running  for  a  No.  1  iron 
from  a  haematite  ore  it  may  be  assumed  that  each  ton  of  iron 
produced  will  require  22  cwts.  of  coke,  or  100  lbs.  of  iron  will 
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require  110  lbs.  of  coke,  so  that  53*2  lbs.  of  iron  or  100  lbs. 
of  ore  will  require  58*5  ll3s. ;  so  that  the  charge  will  consist  of 
100  lbs.  of  ore  to  58*5  lbs.  of  coke. 

The  most  important  calculation  is  that  for  the  quan- 
tity of  limestone  which  has  to  be  added  for  fluxing.  In  order 
to  ascertain  this,  the  type  of  slag  to  be  produced  must  be 
determined  on.  This  may  be  stated  in  several  ways,  and  the 
calculation  will  be  slightly  different,  according  to  the  basis 
adopted.  It  may  be  decided  to  make  a  slag  containing  a 
definite  percentage  of  silica  or  one  of  a  definite  type.  In  the 
former  case  the  type  will  vary  with  the  nature  of  the  bases, 
since  different  bases  combine  with  different  proportions  of 
silica,  and  in  the  latter  case  the  percentage  of  silica  will  vary 
with  the  bases  present.  In  all  respects  the  type  system  is  the 
best,  though  the  silica  percentage  is  the  most  generally  used. 

Assume  the  slag  to  be  of  the  mono -silicate  t3rpe — ^that  is, 
such  as  2CaOSiOo,  containing  two  molecules  of  lime  to  one 
of  silica,  which,  if  no  base  but  Ume  were  present,  would 
contain  34*9  per  cent,  of  silica  and  65*1  per  cent,  of  lime. 

It  is  quite  obvious  that  if  two  silicates  of  the  same  type 
be  taken,  but  containing  different  bases,  as,  for  instance, 
2CaOSi02  and  2MgOSi02,  *^®  proportions  of  silica  to  base 
will  be  different,  and  that  it  will  be  easy  in  the  case  of  any 
given  base  to  calculate  a  factor  which  by  simple  multiplica- 
tion will  give  the  amount  of  silica  that  will  be  required  to 
combine  with  any  base  to  form  a  silicate  of  the  type  required. 
These  factors  are  used  in  what  follows,  and  the  method  of 
calculating  them  is  fully  explained  in  the  appendix. 

The  bases  to  be  fluxed  away  are  manganese  oxide  (one-half 
of  that  present),  lime,  magnesia,  and  alumina,  which  in  these 
calculations  is  regarded  as  being  a  base  : — 


Base. 

Manganese  oxide 
Alumina     . 
Lime 
Magnesia   . 

Total 


Percentage.     Factor* 


1 
4 
2 
1 


X  -423 

X  -882 

X  -536 

X  -760 


Amount  of 
Silica  Required. 

•423 
3-528 
1-072 

•750 


5-773 


*  For  table  of  factors  see  p.  248. 
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That  is,  the  bases  in  100  lbs.  of  ore  will  flux  5*773  lbs.  of  silica, 
leaving  12  —  5*773  =  6*227  to  be  fluxed  by  added  lime. 
The  percentage  composition  of  the  coke  ash  has  been  given, 
but  as  each  100  lbs,  of  ore  requires  58*5  lbs.  of  coke,  and  the 
coke  contains  10  per  cent,  of  ash,  there  will  only  be  5*8  lbs. 
of  ash  per  100  lbs.  of  ore.     Or  : — 

Silica  - —  .,-_  =2*90  lbs. 

100 

Ai      •  ^^    X    5*8         ^  _^ 

Alumina  :r^ =2*61 

lUU 

T-                    a-5   X   5*8  ^.. 

Lime  Yfir) ~   *-*^^ 

an  '  2*5   X   5*8 

Magnesia  ,^       -  =   '146 


9f 


It 


100 
The  bases  can  now  be  multiplied  by  the  factors  as  before  :— 

Alumina   .         .         .     2-61      x    -882   =  2*30 
Lime  .         .         .       -146    x    -536  =      08 

Magnesia.         .         .       "146   x    -760  =     -11 

2-49  lbs. 

SO  that  the  bases  present  will  combine  with  2*49  of  the  2*90 
lbs.  of  sihca  present,  leaving  2*90  —  2*49  =  '41  lb.  to  be  fluxed 
by  the  added  lime. 

The  total  silica  to  be  fluxed  away  is  therefore  6*23  +  '41 
=  6*64  lbs.,  less  the  silica  which  goes  into  the  pig-iron  as 
silicon :  viz.  (*025  x  53*2)  x  60  -^  28  =  2*22  lbs. 

The  limestone  contains  : — 

Lime 64  3  per  cent. 

Carbon  dioxide      .        .         .     42*7        „ 
Silica     ,         ....       30         „ 

100-0 

The  caibon  dioxide  will,  of  course,  be  expelled.  The  silica 
present  will  combine  with  3  x  1*86  =  5*58  parts  of  lime  to 
form  a  mono-silicate,  so  that  the  available  hme  is  54*3  —  5*58 
=  48*72  lbs.  for  each  100  lbs.  of  hmestone. 

The  amount  of  silica  to  be  fluxed  away  is  4*42  lbs.,  and 
this    will    require    4*42    x    1*86    =    8*74   lbs.    of   lime,    or 

,  .  „  - —  =  16*88  lbs.  of  limestone. 
48*72 
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There  is  still  one  item  to  be  taken  into  account.  Both 
the  ore  and  the  coke  contain  sulphur,  and  Hme  must  be  pro- 
vided to  carry  this  into  the  slag  as  calcium  sulphide  (CaS). 

The  amount  of  sulphur  is  : — 

In  100  lbs.  of  ore         .         .         .     1000  lb. 
In  4*58  lbs.  of  coke      .       '.         .       "OoS   „ 

.    1-058   „ 

This    will    require   1*058    x    1*75  =  1*85  lbs.   of  lime,   or 

1-85      X        100  ^_^  >.     11.  X      T  i.  rvx, 

Y^r-zr^ =    3*97,    say    4   lbs.     of    limestone.      The 

48-72  '       -^ 

charge  will  therefore  be  : — 

Ore     .         .         .     100-0  lbs.  or  20  cwts. 

Coke  .        .         .       68-5    „       =   11-7,    say    12    „ 
Limestone  .         .       20*8    „       =     6  0,      „        5     ,, 

a  little  additional  lime  being  usually  added  to  keep  the  slag 
basic. 

Calculations  can  be  made  in  a  similar  way  if  a  slag  with  a 
given  percentage  of  silica  is  aimed  at. 

The  composition  of  the  slag  can  be  calculated  by  collecting 
together  the  weights  of  the  various  constituents  from  the 
three  sources. 

Ore  Mixing. — It  is  often  necessary  to  ascertain  the  pro- 
portions in  which  ores  should  be  mixed  so  as  to  obtain  iron 
of  a  given  composition.  The  proportions  are  often  judged 
by  inspection  of  the  analyses,  the  mixture  thus  made  being 
considered  as  a  single  ore,  and  the  calculations  made  exactly 
as  described. 

Only  one  case  will  be  considered.  Two  ores  are  in  stock — 
an  ore  A,  which  contains  60  per  cent,  of  iron  and  '08  per  cent, 
of  phosphorus ;  and  an  ore  B,  which  contains  45  per  cent,  of 
iron  and  1*6  per  cent,  phosphorus — and  it  is  required  to  make 
an  iron  containing  1*0  per  cent,  phosphorus.  It  is  quite  obvious 
that  if  A  alone  were  used  the  iron  would  be  low  in  phosphorus, 
and  if  B  alone  were  used  it  would  be  too  high. 

It  may  be  assumed  that  the  pig-iron  will  contain  about 
92  per  cent,  of  iron,  and  this  must  therefore  be  the  basis 
of  the  calculation.    In  A  :   for  each  92  parts  of  iron  there  is 

92   X    *08  ,^         X       .     1       1.  T      T>       , 

— 7r=j =  '12   parts   of   phosphorus.     In   B  :    for  each 
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92    "x   1*6 
92  parts  of  iron  there  \& j^ =  ^'^^  parts  of  phos- 
phorus.    Taking  A  as  the  basis,  we  have  for  each  92  parts 
of  iron  : — 

P  Present.  P  Required.  Deficiency.  Excess. 
A        .         .         -12  1  -88  — 

B        .         .       3-27  1  —  2-27 

so  that  the  ores  must  be  mixed  so  as  to  yield  iron  in  the  pro- 

2-27 
portion  7^   =    2*58.     That   is,   for  each    1  part    of   iron 

3delded  by  B,  2*58  parts  must  be  3delded  by  A,  thus  : — 

P  Present.        P  Required.  Deficiency.  Excess. 
A  .         .  -12  X  2-58  =  -309  258  2*271  — 

B  .         .  3*27  1*00  —  2*271 

To  yield  100  parts  of  iron  222  parts  of  B  would  be  required, 
and  to  yield  258  parts  of  iron  430  parts  of  A  would  be  required, 
so  that  the  ores  would  be  mixed  in  the  proportions  of  222  to 
430  or  100  B  to  194  A,  or  probably,  in  round  numbers,  20 
cwts.  B  to  39  cwts.  A  would  give  the  composition  required. 
Similar  I  calculations  can  be  made  for  any  other  element, 
and  of  course  more  than  two  ores  may  be  mixed. 

Economy  of  a  Furnace. — The  economy  with  which  a 
furnace  is  working  is  measured  by  the  amount  of  fuel  con- 
sumed for  each  ton  of  iron  produced,  and  this  will  depend  on 
the  ratio  between  the  heat  utilised  and  the  heat  lost. 

It  has  been  found  that  increase  in  the  size  of  the  furnace 
has  led  to  increased  economy  ;  that  is,  to  a  reduction  in  the 
amount  of  fuel  used. 

Increase  in.  height  tends  to  economy  because  the  gases 
are  more  perfectly  cooled,  and  therefore  carry  away  less  heat, 
and  also  because  the  ore  is  longer  in  the  zone  of  reduction, 
and  therefore  is  more  perfectly  reduced  by  the  carbon  mon- 
oxide ;  but  a  point  is  reached,  varying  with  the  conditions 
of  working,  when  increased  height  no  longer  produces  economy, 
the  gases  not  being  further  cooled.  This  is  partly,  at  least, 
due  to  the  fact  that  the  reaction  by  which  the  iron  oxide  is 
decomposed  evolves  heat,  and  as  this  takes  place  near  the 
top  of  the  furnace,  it  prevents  complete  cooling  of  the  gases. 
In  British  working,  with  hard  coke  as  fuel,  the  height  of  the 
most  economical  furnace  is  about  90  ft.  In  Scotland,  where 
coa)  is  used,  the  furnaces  are  rarely  over  60  ft.  in  height. 
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Increase  in  the  diameter  of  a  furnace  lias  a  similar  result,  as  the 
wider  the  furnace  the  more  slowly  the  gas  current  passes  up- 
ward. A  limit  is  put  to  the  diameter  of  the  hearth  by  the 
blowing  power  available,  and  the  furnace  must  not  be  so  wide 
in  any  part  that  there  is  not  a  regular  upward  flow  of  the  gas 
through  the  materials  in  all  parts.  That  therefore  fixes  a 
limit  to  the  diameter  of  the  furnace. 

These  conditions  are  to  be  taken  as  being  generally  true, 
since  much  depends  on  the  conditions  under  which  the  fur- 
nace is  being  worked.    In  general,  the  consumption  of  fuel 
may  be  taken  as  being : — 
British  coke-fed  furnaces  working  on  Cleveland  ores, 

21  cwts.  to  22  cwts.  per  ton  of  iron. 
American  coke-fed  furnaces  working  on  haematite  ores, 

18  cwts.  to  20  cwts.  per  ton  of  iron. 
Scotch  coal-fed  furnaces  working  on  hsematite  ores, 

30  cwts.  to  36  cwts.  of  splint  coal  per  ton  of  iron. 
Output  of  Furnaces. — The  output  which  can  be  obtained 
from  a  furnace  varies  with  the  conditions.  Obviously,  the 
larger  the  output  that  can  be  obtained  the  better,  provided 
that  there  is  no  decrease  in  economy  and  the  furnace  is  not 
too  rapidly  worn  out. 

At  the  two  extremes  may  be  put  Scotch  practice  with 
raw  coal,  the  average  output  being  about  300  tons  per  week, 
and  American  practice,  as  it  is  called,  though  carried  out  at 
many  British  works,  with  an  output  up  to  2,000  tons  per  week  ; 
whilst  the  old  Cleveland  practice,  with  coke  as  fuel  and  an 
output  of  800  tons  or  so  per  week,  stands  in  between. 

The  output  or,  what  comes  to  the  same  thing,  the  rate 
of  driving  depends  mainly  on  the  amount  of  air  supplied  to 
the  furnace.  There  is  always  plenty  of  fuel  in  the  furnace. 
The  more  rapidly  this  bums  away,  the  more  rapidly  the  charge 
will  descend,  the  larger  will  be  the  amount  of  iron  obtained. 
Hence  in  new  furnaces  intended  for  rapid  driving  the  number 
of  tuyeres  is  increased  to  eight  or  ten,  and  these  are  made  of 
large  diameter.  It  must  be  remembered  that  the  area  in- 
creases as  the  square  of  the  diameter,  so  that  a  7-in.  tuyere 
will  pass  four  times  as  much  air  as  a  3i-in.  tuyere — ^indeed, 
rather  more,  owing  to  lessened  friction — ^at  the  same  pressure. 
The  blast  is  also  supplied  at  a  higher  pressure  so  as  to  get  a 
more  rapid  air  current. 
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It  has  already  been  pointed  out  that  for  very  rapid  work- 
ing, mechanical  devices  must  be  used  for  charging  and  re- 
moving the  metal ;  also  that,  owing  to  the  rapid  combustion, 
the  temperature  becomes  very  high  and  the  bosh  of  the  fur- 
nace must  be  continually  cooled.  Whether  rapid  driving  will 
be  advantageous  or  not  will  depend  on  circumstances.  In 
Scotch  furnaces,  where  the  fuel  is  coal  from  which  the  volatile 
matter  has  to  be  expelled  and  the  ores  used  are  hard  and 
dense,  rapid  driving  has  not  been  found  to  be  possible.  On 
the  other  hand,  in  America,  with  soft,  porous  hsBmatites,  it 
has  been  found  to  be  quite  satisfactory.  For  every  condition 
of  fuel  and  ore  there  will  be  a  maximum  rate  of  descent  of  the 
charge,  beyond  which  any  increase  will  cease  to  be  economical. 

With  rapid  working  the  character  of  the  iron  is  usually 
modified.  It  comes  down  so  rapidly  that  it  is  not  left  long  in 
contact  with  the  other  materials  of  the  charge ;  therefore 
less  silicon  is  reduced,  so  that  American  irons,  or  those  made 
in  this  country  in  furnaces  driven  very  rapidly,  are  usually  low 
in  silicon,  often  not  containing  more  than  1  to  1*5  per  cent. 
The  more  rapid  the  driving  the  more  quickly  will  the  furnace- 
lining  wear  out.  Scotch  furnaces  often  remain  in  blast  twenty 
years  or  more,  whilst  the  furnaces  that  are  driven  hard  re- 
quire re-lining  every  two  or  three  years.  The  whole  question 
of  rate  of  driving  is  moro  a  question  of  economy  than  of 
scientific  principle,  and  ironmasters  soon  find  out  what  is  the 
most  economical  rate  of  driving  under  the  conditions  of  their 
works. 

The  Hot  Blast. — The  introduction  of  the  hot  blast  by 
Neilson  in  1828  led  to  a  great  saving  in  fuel.  The  effect  pro- 
duced at  the  Clyde  iron  works  where  the  hot  blast  was  intro- 
duced will  be  seen  from  the  following  figures  : — 


1829,  January  to  Augast,  Ck>ke  and 
Cold  Air 

1830,  January  to  August,   CJoke  and 
Air  at  300**        .... 

1833,  January  to  August,  Coke   and 
Air  at  600"        .... 


Weekly  Make 
peb  fubnaoe. 


tons     cwt. 
36       18 


54 


61 


1 


Coal  Used 
PER  Ton. 

tons  cwt.  lb. 
8     19      1 

6       3      1 
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To-day,  with  the  blast  at  1,400°  F.  and  raw  coal  as  fuel,  the 
weekly  make  is  about  300  tons,  and  the  consumption 
of  fuel  about  32  cwts.  The  changes  shown  from  1829  to  1833 
were  entirely  due  to  the  use  of  the  hot  blast,  since  no  other 
changes  were  made  in  the  working,  and  in  each  case  the  coal 
consumption  includes  that  used  in  heating  the  air,  since  it 
was  not  till  later  that  attempts  were  made  to  utilise  the  waste 
gas  for  heating  purposes.  It  may  also  be  noted  that  the  coal 
was  coked — raw  coal  not  being  used  till  after  1831 ;  and  the 
wasteful  method  of  coking  led  to  considerable  waste  of  fuel ; 
but  this  would  be  the  same  in  each  of  the  three  years.  The 
furnaces  also  were  very  small.  For  these  reasons,  whilst  the 
introduction  of  the  hot  blast  always  led  to  saving  of 
fuel,  in  no  other  district  was  the  saving  so  large  as  in 
Scotland. 

The  tendency  of  late  has  been  to  use  the  blast  as  hot  as 
possible,  1,400°  to  1,450°  F.  being  the  usual  temperature ; 
and  each  increase  in  the  temperature  of  the  blast  has  led  to 
increased  saving  in  fuel,  but  in  a  constantly  diminishing  ratio. 

The  reasons  for  the  saving,  leaving  out  of  account  the 
fact  that  the  heat  is  now  obtained  from  the  waste  gases,  and 
therefore  that  some  of  the  heat  is  carried  back  into  the  furnace, 
seem  to  be  : — 

(1)  That  the  quantity  of  gas  passing  through  the  furnace 
is  considerably  diminished,  and  therefore  that  it  can  be  more 
effectively  cooled. 

(2)  One  essential  for  good  working  is  that  the  actual  zone 
of  fusion  opposite  the  tuyeres  should  be  very  hot,  and  there 
is  no  advantage  in  extending  this  zone  upwards.  When  air 
is  blown  into  the  furnace,  by  the  combustion  which  takes 
place  it  becomes  intensely  heated,  and  therefore  expands,  and 

this  expansion  absorbs  heat  and  this  tends  to  cool  the  furnace.  ^ 

It  is  obvious  that  the  greater  the  rise  of  temperature  the  ^ 

greater  will  be  the  absorption  of  heat  and  consequent  cooling,  >■ 

and  therefore  the  fusion  zone  will  be  higher.  ^ 

To  send  in  the  same  weight  of  air  the  volume  is  much 
greater  for  hot  than  for  cold  air,  and  therefore  all  pipes  must 
be  made  larger  as  the  temperature  of  the  blast  is  increased. 
The  early  ironmasters  noticed  that  the  output  was  larger  in 
winter  than  in  summer,  this  being  due  to  the  air  being  cooler, 
and  therefore  denser,  so  that  more  was  sent  in,  and  also  to 
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it  being  drier  ;  and  some  of  them  had  the  idea,  therefore,  that 
it  would  be  better  to  cool  the  air  rather  than  heat  it. 

Kind  of  Iron  Produced. — The  variety  of  iron  produced  in 
the  furnace  is  not  absolutely  under  control,  as  the  furnace  will 
sometimes  run  an  iron  not  desired,  but,  in  general,  iron  of 
required  quality  can  be  made.  The  output  as  to  quality 
and  quantity  can  be  controlled  by  varying  the  proportions  of 
ore  flux  and  fuel  in  the  charge  and  by  varying  the  temperature 
and  quantity  of  the  blast. 

When  the  proportion  of  fuel  to  the  ore  is  small,  the  furnace 
is  said  to  have  a  heavy  burden.  When  it  is  large  it  has  a 
light  burden.  For  the  production  of  irons  high  in  silicon,  such 
as  No.  1,  the  furnace  must  be  worked  at  a  high  temperature, 
and  therefore  the  proportion  of  fuel  must  be  large  or  the 
burden  light.  The  charge  must  also  descend  at  such  a  rate 
as  to  allow  of  the  silicon  being  taken  up.  With  very  rapid 
driving,  as  already  remarked,  the  iron  tends  to  be  low  in 
silicon.  -  The  quantity  of  Hme  must  be  only  sufficient  to  form 
a  good  slag ;  if  the  quantity  is  insufficient,  a  siliceous 
slag  may  be  formed,  and  too  much  silicon  may  pass  into  the 
iron.  The  obvious  remedy  is  to  increase  the  amount  of  lime- 
stone in  the  charge. 

When  it  is  required  to  make  an  iron  very  high  in  silicon, 
the  quantity  of  fuel  is  largely  increased  and  the  quantity  of 
lime  is  reduced.  By  these  means  a  very  high  temperature  is 
obtained,  and  very  refractory  siliceous  slag,  which  usually  con- 
tains some  iron,  is  produced. 

Manganese  is  difficult  to  reduce,  and  the  oxide  combines 
readily  with  silica.  When  it  is  required  to  pass  manganese 
into  the  iron — the  manganese,  of  course,  being  in  the  ore — 
a  large  quantity  of  fuel  must  be  used,  so  as  to  produce  a 
high  temperature  and  at  the  same  time  a  considerable  quantity 
of  lime  must  be  added  to  keep  the  slag  basic. 

When  the  furnace  is  worked  with  a  heavy  burden,  the 
temperature*  is  low,  but  little  siHcon  is  reduced,  and  the 
iron  tends  to  be  white  and  at  the  same  time  to  take  up  sulphur. 
The  more  basic  the  slag  the  less  sulphur  will  be  taken  up 
by  the  iron. 

By  carefully  adjusting  the  conditions,  the  skilful  blast 
manager  can  usually  produce  iron  of  any  quality  which  he 
requires,  and  the  demands  of  the  trade  to-day  require  the 
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production  of    iron   of   very   varjdng   quality  for  different 
purpogeg. 

Theiusibility  of  the  slag  may  have  considerable  influence  on 
the  quality  of  the  iron,  and  should  be  adjusted  to  the  tem- 
perature of  tie  furnace.     A  very  fusible  slag  will  melt  high  up 
the  furnace  and  run  down  into  the  hearth,  whilst  a  less  fusible 
one  will  remain  mingled  with  the  charge  until  it  is  much  fur- 
ther down.     Once  a  slag  melts  and  runs  down  it  is  out  of  the 
sphere  of  action.     When  iron  passes  into  the  slag  it  is  probably 
not  from  unreduced  iron  oxide,  since   reduction   should   be 
complete  at  a  temperature  below  that  at  which  the  combina- 
tion of  the  oxide  of  iron  and  silica  can  take  place,  but  is 
probably  mainly  produced  from  iron  oxidised  by  the  carbon 
monoxide ;   and  this  action,  according  to  Sir  Lowthan  Bell, 
becomes  less  energetic  as  the  temperature  rises.    When  a 
furnace  is  working  at  a  low  temperature,  and  with  the  produc- 
tion of  a  very  fusible  slag,  iron  may  be  readily  taken  up,  and 
may  not  be  reduced  on  running  through  the  charge.     On 
the  other  hand,  if  the  slag  is  not  so  fusible,  it  will  reach  a  tem- 
perature at  which  oxide  of  iron  is  not  formed  or  cannot  exist 
before  it  melts.     Whilst  the  slag  is  in  a  partly  unfused  con- 
dition it  can  still  be  acted  on  by  the  agents  around.     Highly 
siliceous  slags  are  difficultly  fusible,  and  therefore  retain  the 
silica  in  a  condition  in  which  it  can  be  reduced  by  the  carbon. 

Accidents. — Scaffolds  and  slips  have  already  been  men- 
tioned. Explosions  sometimes  occur,  at  the  hearth  from  the 
bursting  of  a  water  tuyere,  and  at  the  top  of  the  furnace  from 
causes  of  which  at  present  little  is  known.  It  is  not  Hkely 
to  be  leakage  of  air,  since  there  is  always  a  pressure  in  the 
furnace,  though  the  slip  of  a  scaffold  might  cause  a  partial 
vacuum,  and  this  perhaps  might  draw  in  air  enough  to  cause 
an  explosion.  Wet  ore,  if  suddenly  let  down  by  a  slip  into  a 
hot  part  of  the  furnace,  might  suddenly  evolve  enough  steam  to 
produce  an  explosion.  Explosions  at  the  furnace  top  are  not 
common,  but  are  sometimes  disastrous. 
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CHAPTER   XII. 

THE      BY-PRODUCTS. 

As  the  blast  furnace  is  worked  for  the  production  of  iron, 
anything  else  that  may  be  obtained,  whether  of  value  or  not, 
must  be  a  by-product.    For  each  ton  of  iron  produced  there 
will  be,  under  ordinary  circumstances  : — 
Slag  from  "5  to  2  tons. 
Gases  about  8  tons. 
These  gases,  in  the  case  of  coal-fed  furnaces,  carrying  a  con- 
siderable quantity  of  tar  and  ammonia. 

It  becomes,  therefore,  a  matter  of  very  considerable  im- 
portance to  utilise,  if  it  be  possible,  this  large  quantity  of 
material. 

Slag. — ^The  amount  of  slag  produced  in  Middlesborough 
and  in  Scotland  is  about  1*5  tons  for  each  ton  of  iron  made. 
In  the  haematite  districts,  where  the  ores  are  much  richer,  the 
amount  is  about  one  ton,  or  sometimes  less. 

The  disposal  of  the  slag  is  very  troublesome  and  costly, 
and  many  attempts  have  been  made  to  utilise  it  in  various 
ways. 

Ballast. — The  slag  may  be  broken  up  and  used  as  ballast 
for  railways  or  for  road  making.  A  considerable  quantity  of 
slag  is  used  for  this  purpose.  It  must  not  be  too  high  in 
lime  or  would  crumble  to  pieces  imder  the  influence  of  air  and 
moisture. 

Cement. — A  very  good  cement  can  be  made  from  a  suitable 
slag,  one  which  contains  a  fair  proportion  of  alumina  and  not 
more  than  about  3  per  cent,  of  magnesia.  The  hydraulic 
power  of  cement  seems  to  be  due  to  the  presence  of  basic  sili- 
cates and  aluminates  of  lime  which  dissolve  momentarily  in 
water,  then  absorb  water  and  crystalUse.  The  calcium 
silicate  having  the  greatest  setting  power  is  said  to  have  the 
formula  3CaO,Si02.  If  the  constituents  be  fused  in  this 
proportion  a  fusible  slag  is  produced,  but  as  it  solidifies  it 
breaks    up,    probably   forming    2CaO,Si03   and   free  lime ; 
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therefore  slags  rich  in  lime  disintegrate  on  exposure  to  the  air 
owing  to  the  slaking  of  the  lime.  The  basic  silicate  can  be 
formed,  however,  by  heating  the  constituents  to  a  tempera- 
ture somewhat  below  the  fusing  point  of  this  silicate. 

The  slag  is  granulated  by  being  run  into  water,  dried,  and 
crushed  to  an  impalpable  powder.  The  requisite  amount  of 
lime  is  crushed  and  the  two  constituents  are  thoroughly 
mixed.  The  mixture  is  then  calcined  in  a  suitable  kiln  till 
particles  adhere,  forming  "  clinker,"  the  size  of  the  lumps  of 
"  clinker  "  var3dng  with  the  form  of  the  kiln  in  which  the 
operation  takes  place.  The  "  clinker  "  is  ground,  and  the 
ground  material  is  a  cement  in  all  respects  resembling  Port- 
land cement.  It  may  be  used  alone,  or  very  often  is  mixed 
with  Portland  cement. 

Bricks. — At  one  time  building  bricks  were  made  by  mixing 
pulverised  slag  with  cement,  pressing  under  hydraulid  pressure, 
and  allowing  it  to  harden  in  the  air.  From  some  varieties  of 
slag,  bricks  suitable  for  paving  or  building  may  be  made  by 
casting  the  slag  in  suitable  moulds. 

Paving  Blocks. — These  are  now  made  on  a  large  scale. 
The  slag  is  crushed,  mixed  with  a  quantity  of  Portland  cement, 
and  the  slabs  are  compressed  under  hydrauhc  pressure  of 
about  500  lb.  per  square  inch.     Such  blocks  are  very  durable. 

Slag  wool  (silicate  cotton)  is  largely  used  as  a  non-con- 
ducting material.  A  cubic  foot  of  slag  yields  about  12  cub. 
ft.  of  wool,  and  the  entangled  air  makes  it  a  good  non-con- 
ductor. The  wool  is  made  by  blowing  a  stream  of  air  or 
steam  across  a  stream  of  molten  slag,  and  subsequently 
separating  the  globules  of  fused  slag. 

All  these  uses,  however,  account  for  but  a  small  pro- 
portion of  the  slag  actually  produced.  The  bulk  of  it  still 
accumulates  in  slag  heaps. 

Gas. — The  gas,  as  already  remarked,  forms  the  largest 
proportion  of  the  by-products,  and  from  the  large  quantity 
of  carbon-monoxide  it  contains  it  is  always  valuable  as  a  fuel. 

The  gas  is  now  used  for  heating  the  blast,  the  raising 
of  steam,  the  direct  driving  of  gas  engines,  and  for  other 
purposes.  About  25  per  cent,  by  volume  of  the  gas 
is  composed  of  combustible  carbon-monoxide,  and  the 
heating  power  of  the  escaping  gases  per  ton  of  metal  produced 
iji  the  Cleveland  furnace  is  equal  to  that  furnished  by  the 


THE   BY'FEODUCTS. 


165 


combustion  of  about  11^  cwtg.  of  coal.  Blast  furnace  gag 
contains  as  carbon-dioxide  and  as  carbon-monoxide,  the  whole 
of  the  carbon  of  the  fuel  and  of  limestone  introduced  into 
the  furnace  except  that  absorbed  in  the  recarburisation  of  the 
reduced  iron  to  the  state  of  pig-iron,  ^nd  the  small  amount 
escaping  as  cyanogen,  in  combination  with  potassium  or 
sodium,  as  cyanide. 


Analyses  of  Blast  Fubkacb  Gas  by  Volume. 


Nitrogen  . . 
Carbon-monoxide 
Carbon-dioxide  . . 
Marsh  gas  (CHJ . . 
Olefiant  gas  (C.H4) 
Hydrogen 


A 

B 

C 

D 

65-35 

67-22 

6706 

62-34 

26-97 

24-65 

28-61 

24-20 

7-77 

1201 

11-39 

8-77 

3-75 

0-93 

0-20 

3-36 

0-43 

— • 

— 

■— 

6-73 
100-00 

619 

2-74 

1-33 

100-00 

10000 

10000 

£ 

67-79 
23-61 
12-88 


6-82 
10000 


A. — Alfreton  furnace  working  upon  calcined  argillaceous  ironstone 
and  raw  coal,  blast  heated  to  626°  F.  (320°  C.)  (Bunsen  and  Playfair). 
B. — French  furnace  working  upon  brown  hsematite,  lime  and  charcoal 
(Ebelmen).  C. — Seraing  upon  brown  hsDmatite,  mill,  cinder,  lime  and 
coke  blast  212°  F.  (100°  C.)  (Ebelmen).  D.— Charcoal  furnace 
(Bunsen).  E. — French  furnace  working  upon  haematite,  lime  flux  and 
charcoal  (Ebelmen). 

The  gases  do  not  differ  essentially  in  composition  whether 
hot  or  cold  blast  is  employed,  or  whether  charcoal  or  coke 
is  the  fuel  employed. 

Nitrogen  forms  more  than  50  per  cent,  and  carbon-mon- 
oxide (CO)  25  per  cent,  or  more  of  the  total  volume;  and 
the  higher  the  ratio  of  carbon-dioxide  to  carbon-monoxide, 
the  greater  is  the  economy  in  the  consumption  of  fuel, 
though  this  ratio  can  never  be  greater  than  1  :  2  under 
ordinary  conditions ;  also  the  lower  the  temperature  at 
which  the  gases  escape  from  the  furnace,  the  less  is  the  heat 
carried  away  and  lost.  The  ratio  of  oxygen  to  nitrogen  in 
the  gases  is  in  excess  of  that  in  the  atmosphere,  as  a  con- 
siderable quantity  is  derived  from  the  reduction  of  the  oxides 
of  iron  in  the  iron  ores,  and  is  contained  in  the  carbon - 
dioxide  expelled  from  the  limestone  added  as  a  flux ;  while 
the  free  hydrogen  is  derived  from  the  decomposition  of 
water  vapour  carried  in  by  the  blast. 
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When  raw  coal  is  used,  the  gases  are  necessarily  richer  in 
hydrogen  and  in  hydrocarbons,  since  the  coal  gas,  which  con- 
sists mainly  of  these  gases,  mixes  with  the  gases  produced  by 
the  combustion  of  the  coke,  in  this  case  also  the  gases  carry 
over  a  quantity  of  tar  and  ammonia  ;  but  as  these  are  con- 
densed before  the^sample  is  analysed,  the  gieen  (or  unwashed) 
and  the  washed  gases  do  not  show  any  difference  in  com- 
position. 

The  following  analyses  of  gases  from  Scotch  coal-fed 
furnaces  will  indicate  their  general  character  : — 


Nitrogen    . 
Gaxbon-monoxide 
Carbon-dioxide  . 
Marsh  Qas 
Hydrogen  . 


A 

69-27 

27-51 

6-15 

302 

3-68 

99-63 


C 

65*86 

27-20 

6-60 

2-68 

7-66 

10000 


A  and  B. — Unwashed.     C. — ^Washed, 


It  is  quite  obvious  that,  considered  as  a  source  of  heat, 
the  gas  from  a  coal-fed  furnace  is  better  than  that  from 
one  that  is  coke-fed. 

The  current  of  waste-gas  also  carries  over  with  it  into 
the  tubes  and  flues  an  amount  of  dust,  containing  silica, 
alumina,  ferric  oxide,  lime,  calcium  sulphate  and  phosphate, 
with  smaller  proportions  also  of  magnesia,  manganese  oxide, 
potash,  soda;  and  if  the  ores  contain  zinc,  then  this  dust 
will  contain  in  addition  zinc  oxide.  This  dust  accumu- 
lates slowly  in  the  flues,  and  requires  to  be  cleared  away  from 
time  to  time ;  or  it  is  separated  by  washing  arrangements 
connected  with  the  top  of  the  furnace. 

In  the  case  of  a  coal-fed  furnace  the  tar  would  also  accumu- 
late. The  dust  in  the  one  case  and  the  tar  in  the  other  render 
the  gas  unsuitable  for  use  in  gas  engmes  without  some  purifica- 
tion. In  the  case  of  coke-fed  furnaces,  ail  that  is  needed  is  a 
simple  washing,  but  with  coal-fed  furnaces  more  elaborate 
processes  are  resorted  to  so  as  to  recover  the  tar  and  ammonia, 
which  are  of  considerable  value. 
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Washing  the  Qas  tram  the  Coks-fed  Farnaees. — The  gas 

is  passed  through  vessels  in  which  water  is  kept  in  a  violent 
state  of  agitation  by  means  of  dashers,  so  that  the  dust  is 
washed  out  of  the  gas,  and  if  necessary  it  is  then  passed 
through  some  filtering  material  to  remove  the  last  traces. 

Eeco7ery  of  Tar  and  Ammoaia. — Ordinary  Scotch  splint 
coal  contains  about  I'i  per  cent,  of  nitrogen,  and  when  the 
coal  is  distilled  in  the  blast  furnace  about  16  per  cent,  of  this 
comes  ofi  in  the  form  of  ammonia.  This  is  equal  to  about 
'22  per  cent,  of  nitrogen,  given  ofi  as  ammonia,  or  4  to  5  lbs. 
of  nitrogen,  or  23'5  lbs.  of  ammonium  sulphate  per  ton  of  coal 
consumed.    This  is,  of  course,  a  small  amount,  but  when  the 


Fig.  63.— GilleBpie  Bj-product  Plant,  Section. 

:  amount  of  coal  consumed  is  taken  into  account, 
i  of  value. 

The  first  plant  erected  to  recover  the  tar  and  ammonia 
was  that  o!  Messrs.  Alexander  and  M'Cosh  at  the  Glartaherrie 
iron  works,  and  the  principle  which  they  adopted  of  cooling 
the  gas  and  then  scrubbing  or  washing  with  water  has  been 
followed  in  all  other  plants  since  erected. 

Three  types  of  plant  are  ia  use.  The  one  to  be  described 
13  that  of  Messrs.  Gillespie  {Fig.  63),  which  has  been  erected 
at  many  works  in  Scotland,  and  in  which  the  costly  scrubbers 
uaed  in  the  older  systems  are  diapensed  with. 

The  amount  of  gas  to  be  dealt  with  is  enormous.  Each 
ton  of  coal  will  give  about  120,000  cub.  ft.  of  gas  through 
which  the  small  quantities  of  condensible  products  are  dis- 
tributed, and  in  order  to  separate  these  the  gas  must  be 
thoroughly  cooled  and  then  treated  with  water.  The  Scotch 
fomacea  are  small,  consuming  about  75  tons  of  coal  in  twenty- 
four  houiB,  BO  that  there  will  be  about  8,600,000  cub.  ft. 
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of  gas  per  day  per  furnace,  or  for  a  works  with  eight  furnaces 
about  71,000,000  cub.  ft.  of  gas  per  day.  It  is  this  enor- 
mous amount  of  gas  that  makes  the  problem  of  recovery  so 
difficult. 

The  gas  will  leave  the  furnace  at  a  temperature  of  about 
300°  C,  or  a  little  less,  and  will  cool  somewhat  on  its  way  to 
the  condensing  plant.  It  passes  through  a  dust-catcher 
attached  to  the  furnace,  where  some  of  the  coarser  dust  settles, 
then  by  large  mains  to  the  condensing  plant. 

The  gas  is  passed  through  a  tar  washer — a  large  iron  vessel 
containing  tar  ;  this  keeps  back  the  dust,  which  would  other- 
wise be  carried  over,  and  at  the  same  time  acts  as  a  seal, 
so  as  to  cut  off  the  gas  in  the  mains  from  that  in  the  recovery 
plant.  Then  the  gas  passes  to  the  atmospheric  condenser. 
This  consists  of  a  series  of  about  200  vertical  iron  tubes  60  or 
70  ft.  in  height  and  2  ft.  6  in.  or  so  in  diameter.  They  arc 
arranged  in  series  on  iron  boxes  so  that  the  gas  has  to  traverse 
about  twenty  tubes  up  and  down,  and  so  that  any  series  of 
twenty  can  be  cut  out  if  necessary.  In  this  condenser  the 
temperature  is  reduced  to  about  60°  C,  but  only  a  little  tar 
separates  ;  probably  it  is  in  such  a  fine  state  of  division  that 
it  is  carried  forward  mechanically.  Then  the  gas  is  passed 
through  the  first  washer.  The  washers  are  all  alike,  and 
consist  of  long  iron  boxes  divided  by  screens,  so  arranged 
that  owing  to  the  large  area  the  gas  travels  very  slowly,  and 
by  passing  imder  the  screens  it  is  broken  up  into  innumer- 
able, very  minute  bubbles  which  pass  upward  through  the 
water. 

The  resistance  to  the  passage  of  the  gas  is  so  great  that 
the  pressure  in  the  blast  furnace  would  not  be  sufficient  to 
force  it  through  the  apparatus,  so  that  it  becomes  necessary 
to  use  a  blower  of  some  land .  In  the  first  forms  of  plant  a  Roots 
blower  was  used  to  draw  the  gas  through  the  first  washer  and 
force  it  onward  through  the  second,  or  in  some  cases  second 
and  third ;  but  in  the  latest  installations  these  are  replaced 
by  exhausters  driven  by  Parsons  turbines.  If  three 
washers  are  used  fresh  water  is  supplied  to  the  third. 
This  is  then  pumped  into  the  second,  and  then  into 
the  first,  so  that  the  gas  passes  through  clean  water  in 
the  last  washer-  The  water  containing  the  tar  and  ammonia 
is  run  into  large  settling  tanks,  where  the  tar  sinks  to  the 
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bottom,  and  thence  the  two  can  be  drawn  off  separately  for 
further  treatment. 

The  products  are  : — 

(1)  The  Gas. — This  is  now  nearly  free  from  tar  and  ammonia, 
and  is  passed  on  to  the  boilers  and  stoves.  It  still  contains 
a  minute  trace  of  tar,  and  for  use  in  gas  engines  needs  some 
further  treatment.  It  bums  with  a  non-luminous  flame,  and  of 
course  its  heating  power  is  less  than  that  of  the  green  gas 
before  washing,  but  still  will  be  greater  than  that  of  gas 
from  a  coke-fed  furnace.  The  gas  is  clean  to  use,  and  having 
been  well  cooled  contains  but  little  water. 

(2)  The  Tar.— About  40  gallons  (say  400  lbs.)  of  green  tar 
is  obtained  for  each  ton  of  coal  consumed.  This  is  forced  up 
into  large  stills,  very  like  the  common  haystack  boiler,  and 
is  heated  till  all  the  water  is  expelled,  when  about  5  lbs.  of 
anhydrous  tar  will  be  left  from  each  gallon  of  "  green  "  tar. 
The  boiled  tar  is  then  quickly  heated,  and  breaks  up  into  oils 
which  pass  over,  and  a  residue  of  pitch  which  remains.  The 
oil  may  be  collected  in  one  tank,  but  is  usually  fractioned, 
the  receiver  being  changed  during  ther  process.  Two  frac- 
tions are  thus  obtained  : — 

(1)  Lucigen  oil,  having  a  specific  gravity  of  about  '970. 

(2)  Creosote  oil,  having  a  specific  gravity  of  about  '989. 
The  Lucigen  oil  is  largely  used  for  burning  in  lucigen  and 

other  blast  lamps,  as  a  fuel,  and  for  other  purposes.  The  creosote 
oil  contains  phenols,  and  may  be  used  as  a  disinfectant.  One 
firm  prepares  from  it  a  disinfectant  which  is  sold  under  the 
name  of  neosote,  and  which  is  said  to  be  equal  in  power  to 
carbolic  acid.  The  unfractioned  oil  is  used  as  fuel  for  steam 
boilers  and  other  purposes.  The  amoimt  of  oil  obtainable 
varies,  but  may  be  taken  as  being  roughly  40  per  cent,  of  the 
tar,  or  say  6  to  6J  gallons  per  ton  of  coal  consumed.  The 
amount  of  oil  varies  also  with  the  variety  of  pitch  required :  the 
softer  the  pitch  th^  less  oil  will  be  distilled  out,  and  in  any 
case  the  distillation  must  be  stopped  when  the  pitch  is 
liquid  enough  to  flow  from  the  still. 

The  demand  for  the  pitch  is  considerable.  It  is  used  in 
the  manufacture  of  fuel  briquettes,  for  setting  in  road  paving, 
and  for  many  other  purposes. 

The  tar  is  very  different  from  that  which  is  obtained 
in   a   gas   works.      It  must  be    remembered    that    the  tar 
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does  not  exist  as  such  in  the  coal,  but  is  produced  by 
the  process  of  destructive  distillation,  and  consequently 
the  nature  of  the  product  will  depend  on  the  conditions 
under  which  it  is  produced.  The  tar  from  the  blast  fur- 
nace contains  little  or  no  benzene,  which  is  the  source  of 
aniline,  and  thence  of  the  coal-tar  colours  ;  and  it  is,  therefore, 
of  much  less  value  than  coal  tar.  The  reason  for  the  dilEerence 
is  that  in  the  blast  furnace  the  distillation  takes  place  at  a 
very  low  temperature,  for  it  is  brought  about  at  the  top  of  the 
charge  by  the  hot  gases,  the  temperature  of  which,  as  already 
mentioned,  is  about  400°  C. 

(3)  Ammonia. — The  ammonia  liquor  contains  the  ammonia 
almost  entirely  in  the  free  condition.  It  is  pumped  to  the  top 
of  a  series  of  stills,  down  which  it  falls,  meeting  an  ascending 
current  of  steam*  The  ammonia  is  carried  forward  with  the 
steam,  passed  into  sulphuric  acid,  and  crystallised ;  the 
crystals  are  fished  or  blown  out  of  the  saturator,  dried  in  a 
centrifugal  drier  ;  and  are  then  ready  for  the  market.  The 
yield  varies  according  to  the  amount  of  mtrogen  in  the  coal 
from  20  to  25  lbs.  of  sulphate  per  ton  of  coal.  The  amount 
may,  no  doubt,  also  vary  with  the  way  in  which  the  nitrogen 
is  combined  in  the  coal  so  that  it  is  impossible  to  say  from  an 
analysis  of  the  coal  exactly  how  much  ammonia  should  be 
obtained.  The  16  per  cent,  already  mentioned  is,  however,  a 
fair  average.  We  may  now,  perhaps,  sum  up  the  value  of 
the  products  obtainable.  Taking  as  a  basis  the  production 
of  1  ton  of  pig  iron,  the  output  will  be  about : — 

Pig  iron,  value,  one  ton,  say 
Ammonium  sulphate,  24  lbs. 
Pitch,  160  lbs.    ..... 

Oils,  15  gallons  ..... 


£2 

5    0 

0 

3    4 

0 

1     ^ 

0 

1  lOi 

£2 

11  11 

The  value  of  the  by-products  is  thus  shown  to  be  6s.  lid. 
per  ton  of  iron,  or  nearly  one-sixth  of  the  value  of  the  iron 
itself. 

The  following  figures  have  been  pubHshed  with  reference 
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to  an  installation  of  the  Gillespie  plant  for  four  fumaced 
making  hflematite  pig-iron  : — 

Coal  consumed.         .  2,000  tons  per  week. 

Pig-iron  produced  1,400     „       „       „ 

Pitch  recovered  .         100  tons,       value  £120 

Oil  recovered    .         .  20,000  gallons,      „        125 
Sulphate  of  ammonia  20J  tons,         „        225 


Total  by-products    .         .         .     £470 


The  wages  and  other  costs  of  working  the  plant  are  put 
at  £30,  and  the  cost  of  acid  at  £20  10s.,  leaving  a  handsome 
balance  for  interest,  depreciation,  and  profit.  Recovery 
plant  has  been  put  up  in  two  or  three  English  works,  but  as 
at  all  these  the  fuel  used  is  a  mixture  of  coal  and  coke,  the 
yield  is  considerably  less  than  in  Scotland.  Every  iron  works 
in  Scotland,  with  one  exception,  is  now  fitted  with  recovery 
plant.  The  cost  of  the  plant  is  high,  reaching  £5,000  or 
£6,000  per  furnace. 

Accidental  Products. — Various  minor  by-products  are 
sometimes  obtained.  If  the  ores  contain  lead,  this  may  be 
tapped  out  with  the  iron.  If  zinc  is  present,  it  will  collect 
in  the  fine  dust.  As  already  mentioned,  cyanides  are  always 
formed,  but  up  to  the  present  no  method  has  been  found  for 
the  profitable  recovery  of  them. 
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CHAPTER    XIII. 

MALLEABLE-   OB  WROUOHT-IRON; 

Malleable-,  wrought-,  or  bar-iron,  under  which  names  the 
same  metallurgical  product  is  known,  was  formerly  described 
as  iron  in  its  lowest  degree  of  carburisation ;  but  now  all 
attempts  tc»  frame  a  definition  of  malleable  iron  upon  a 
chemical  basis  have  been  futile,  since  in  its  low  percentage 
of  carbon,  comparative  freedom  from  such  impurities  as  silicon, 
sulphur,  phosphorus,  etc.,  occurring  so  largely  in  pig-iron, 
it  is  rivalled  or  even  excelled  by  the  Siemens  and  the  Bessemer 
mild  steels ;  but  malleable-iron  differs  from  these  materials 
even  when  otherwise  oi  the  same  chemical  composition,  in  the 
fact  that  it  always  contains  particles  of  intermixed  slag  and 
oxide.  A  definition  based  on  mode  of  production  could  be 
framed,  because  the  metal  has  not  been  fused,  but  formed 
by  the  welding  together  of  pasty  messes  imder  pressure. 

Bar-,  wrought-,  or  malleable-iron  has  a  dull-bluish  or 
blackish-grey  colour,  varying  somewhat  with  its  previous 
mechanical  treatment,  as  to  hammering,  rolling,  etc.  Its 
fracture  after  hammering  or  rolling  is  of  a  fibrous  character 
in  the  softer  varieties,  but  becomes  granular  or  crystalline 
in  the  harder  kinds.  The  higher  qualities  of  bar-iron  present 
when  broken  a  certain  silky,  fibrous  appearance,  which 
under  repeated  and  long-continued  vibration  again  assumes 
a  granular  or  crystalUne  structure.  The  fractured  surfaces 
are,  however,  more  or  less  deceptive,  since  specimens 
broken  by  progressively  increasing  stresses  are  invariably 
fibrous,  whilst  the  same  specimen  if  broken  by  a  sudden 
blow  will  exhibit  a  crystalline  fracture. 

Wrought-iron  is  one  of  the  most  malleable,  tenacious,  and 
ductile  of  the  metals,  its  malleability  increasing  with  the 
temperature  short  of  fusion,  to  which  it  is  heated.  Sheets 
have  been  exhibited  at  Paris  y-Joth  of  an  inch  in  thickness, 
and  at  Pittsburg,  according  to  report,  they  have  been  pro- 
duced Tsioo^li  oi  an  inch  in  thickness.     Malleable-iron  id 
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soft,  but  is  exceeded  in  this  respect  by  pure  iron,  and  it  is  not 
sensibly  altered  as  regards  softness  by  being  heated  to  red- 
ness and  suddenly  cooled  by  plunging  into  water  ;  but  bars  of 
iron  are  shortened  by  this  treatment. 

The  melting  point  of  wrought-iron  is  between  2,732°  F. 
and  2,912°  F.  (1,500°  C.  and  1,600°  C.)  according  to  Pouillet ; 
it  is  at  3,812°  F.  (2,100°  C.)  according  to  Scheerer.  The  melting 
point  of  pure  iron  is  now  usually  taken  as  being  1,600°  C, 
that  of  commercial  iron  varies  with  the  degree  of  carbur- 
isation  and  its  freedom  from  sulphur,  silicon,  phosphorus, 
manganese,  for  all  these  impurities  tend  to  lower  its  fusing 
point.  When  heated  to  whiteness,  but  before  fusion  occurs, 
it  passes  through  a  soft,  pasty  condition,  in  which  two  clean 
surfaces  can  be  welded  together,  while  at  a  red  heat  it  is 
possible  to  hammer  or  forge  the  metal  into  almost  any  form. 

Malleable-iron  contains  carbon  from  mere  traces  up 
to  0'25  per  cent.,  occasionally  reaching  0*3  per  cent. ;  the 
latter  figures  indicate  a  material  decidedly  steely  in  character. 
The  specific  gravity  of  malleable-iron  varies  between  7*3 
and  7*9,  average  specimens  being  about  7*6  or  7*7  ;  its  linear 
expansion  by  heat  is  about  '000111  to  '000126  of  its  length 
for  each  increase  of  one  degree  Centigrade,  in  which  respect 
it  thus  staDids  lower  than  most  of  the  metals,  as  is  also  the 
case  with  its  cubical  expansion  or  increase  of  volume  by  heat. 
Its  specific  heat  is  given  as  '114  at  0°  C. 


Analyses  of  Bab-,  Wbottoht-,  ob  Malleablb-Ibon. 


Carbon 

Silicon 

Sulphur 

Phosphorus 

Manganese 

Iron 


A 

trace 
0-170 
0028 
0-200 
0-140 
99115 


99'663 


B 

0075 
0114 
0032 
0-004 
trace 
99-733 


99-958 


c 

D 

0-016 

0-180 

0-122 

0-019 

0104 

0014 

0-106 

0074 

0-280 

trace 

99-372 

99704 

100-000 

99-991 

E 

0-230 
0-014 
0-190 
0020 
0-110 


A.-— K.B.W.  Best  bar-iron  (Pattinson).  B.— Swedish  O  O  (Author). 
C.-r-Low  Moor  Armour  plate  (Tookey).  D. — Bound  bar,  W.  R.  3 
(Downar).    E. — ^Armour  plate  (Percy). 

Malleable-iron  may  be  exposed  indefinitely,  at  the  ordinary 
tepiperatures,  to  the  action  of  dry  air  or  even  oxygen,  without 
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suSering  oxidation ;  but  in  the  presence  also  of  the  vapour 
of  water,  and  especially,  too,  of  carbonic  anhydride,  the  metal 
is  rapidly  tarnished  or  rusted  (see  p.  40),  the  corrosion 
gradually  extending  throughout  the  mass,  if  time  be 
given.  When^  however,  the  metal  is  heated  to  redness 
and  exposed  to  the  air,  oxidation  proceeds  very  rapidly 
with  the  production  of  a  black  oxide  of  iron  or  forge- 
scale,  which  scales  off  from  the  bar  when  it  is  struck  by  the 
hammer.  Heated  to  whiteness,  malleable-iron  bums,  throw- 
ing o£E  scintillations  from  its  surface,  whilst  the  iron  so  heated 
in  contact  with  the  air  becomes  imweldable  and  friable, 
constituting  what  is  known  as  burnt  iron,  a  condition  due  to  the 
presence  of  oxides  of  iron  throughout  the  mass.  Continued 
hammering  of  malleable-iron  in  the  cold  state  induces  a 
hard,  brittle,  and  more  or  less  crystalline  condition  in  the 
metal. 

Malleable -iron  combines  readily  with  carbon  when  heated 
in  contact  with  charcoal,  coal,  carbonaceous  matters,  or 
cyanogen  compounds  to  a  temperature  above  redness, 
as  is  shown  in  the  case  of  the  manufacture  of  cement  or 
blister  steel,  and  also  by  the  operation  of  case-hardening, 
where  articles  of  malleable -iron  are  heated  in  contact  with 
leather  cuttings,  or  cyanogen  compounds  (potassic  ferro- 
cyanide).  Solid  and  gaseous  cyanides,  and  nearly  all 
vapours  and  gases  containing  carbon,  such  as  carbon- 
monoxide  and  the  various  hydrocarbon  vapours,  impart 
carbon  to  iron  when  the  latter  is  exposed  at  a  red-heat  for 
a  considerable  time  to  their  action  ;  the  carburisation  pro- 
ceeding from  the  surface  towards  the  centre  of  the  bar. 

Red-shortness  or  unforgeabihty  of  malleable-iron  at  a 
red -heat  usually  is  caused  by  the  presence  of  sulphur,  as  small 
a  quantity  as  0*03  per  cent,  making  the  metal  distinctly 
brittle  ;  copper  is  said  to  have  the  same  effect.  Cold-shortness 
or  brittleness  at  ordinary  temperatures  is  induced  by  the  pre- 
sence of  small  proportions  of  phosphorus,  antimony,  tin,  or 
arsenic ;  a  cold-short  metal  may  be  quite  malleable  and  ductile 
at  or  above  a  red -heat.  Karsten  observes  that  the  presence 
up  to  0*3  per  cent,  of  phosphorus  produces  an  increased 
hardness  without  affecting  the  tenacity  of  the  iron,  while 
with  0*5  per  cent,  of  phosphorus  there  is  a  decrease  in  tenacity, 
and  it  becomes  also  cold-short,  or  incapable  of  being  worked 
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in  the  cold  state  without  cracking  at  the  edges,  although 
when  hot  such  a  metal  can  be  either  rolled  or  hammered 
out  readily.  With  0*75  per  cent,  of  phosphorus  the  cold- 
shortness  is  very  decided,  as  is  also  the  loss  of  tenacity,  while 
when  the  proportion  of  phosphorus  attains  to  1  per  cent, 
the  iron  becomes  exceedingly  cold-short.  Eggertz,  however, 
states  that  0*25  per  cent,  of  phosphorus  in  malleable-iron 
renders  it  sensibly  cold-short.  Doubtless  the  influence  of 
small  quantities  of  phosphorus  upon  the  working  qualities 
of  wrought-iron  is  affected  by  the  amount  of  such  other 
elements  as  silicon  and  carbon  present.  The  late  Mr.  A.  L: 
HoUey,  C.E.,  was  of  opinion  that  0*2  per  cent,  of  phosphorus 
is  not  injurious,  but,  on  the  contrary,  improves  the  mafleable- 
iron  if  it  be  accompanied  by  0*15  per  cent,  of  silicon  and 
0'03  per  cent,  of  carbcJn. 

Silicon,  induces  hardness  and  brittleness  in  wrought-iron^ 
0*35  per  cent,  sufficing  to  render  the  iron  cold-short  and  low 
in  tensile  strength,  but  it  is  rarely- present  in  appreciable 
quantity,  except  in  the  form  of  silica  as  a  constituent  of  the 
cinder  mechanically  distributed  throughout  wrought-iron. 

Tin  also  hardens  malleable-iron,  but  produces  britlde, 
unweldable,  and  cold-short  metal. 

The  tensile  strength  of  malleable-iron  ranges  between  17  tons 
and  26  tons  per  square  inch  of  section,  the  average  being  taken 
at  froili  22  tons  to  24  tons,  and  elongation  or  stretching  before 
fracture  may  be  taken  at  35  per  cent,  or  40  per  cent,  of  its  length, 
in  a  test-piece  2  in.  long  and  of  ^  in.  sectional  area.  Special 
qualities  of  Bowling  and  Lowmoor  iron  give  a  tensile  strength 
of  27  tons  per  square  inch,  and  a  ductiUty  or  elongation  repre- 
sented by  38  per  cent,  in  a  test-piece  2  in.  long,  whilst  best 
Staffordshire  iron  of  24  tons  tensile  strength  has  an  elongation 
of  30  per  cent,  in  a  test-piece  2  in.  long.  In  considering  the 
percentage  of  elongation  before  fracture,  it  is  necessary  to 
note  the  length  of  the  test-piece  employed,  for  with  a  longer 
test-piece  the  percentage  of  elongation  will  appear  propor- 
tionately reduced,  since  the  greater  part  of  the  elongation  is 
distributed  over  only  a  very  short  length  of  the  test-piece ; 
thus  the  elongation  of  Staffordshire  iron,  given  as  30  per  cent, 
above,  would  not  exceed  about  20  per  cent,  if  the  test-piece 
were  of  the  now  more  usual  length  of  8  in.,  instead  of  the  2  in. 
quoted  above. 
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The  tensile  strength  of  iron  plates  varies  as  much  as  20 
per  cent,  in  the  same  plate,  according  to  the  test-piece  is 
taken  lengthwise — that  is,  in  the  direction  of  greatest  longi- 
tudinal extension,  and  therefore  of  development  of  fibre 
during  rolling — or  is  cut  crosswise  from  the  plate ;  a  test- 
piece  cut  longitudinally  may  have  a  tensile  strength  of  from 
20  tons  to  24  tons  per  square  inch,  but  a  piece  cut  crosswise  will 
break  with  from  18  tons  to  22  tons  ;  and  thus  the  Admiralty 
require  in  first-class  B  b  plates  that  they  shall  have  a  tensile 
strength  of  22  tons  per  square  inch  along  the  length  of  the 
plate,  with  18  tons  to  the  square  inch  in  a  test-piece  cut  cross- 
wise of  the  plate,  besides  which  certain  forge  tests  are  specified, 
and  all  plates  are  to  be  free  from  lamination  and  surface 
defects. 

Under  the  microscope  malleable -iron  is  seen  to  consist 
almost  entirely  of  crystals  of  iron,  Figs.  64  and  65.  These  are 
irregular  in  form,  as  they  have  interfered  with  one  another 
during  growth.  The  carbon  is  present  as  small  detached 
masses  of  pearlite,  and  if  the  section  be  at  right  angles 
to  the  direction  of  rolling  in  addition,  there  are  many 
black  specks  of  intermixed  slag  and  oxide.  The  more 
thoroughly  the  metal  has  been  worked  the  more  numer- 
ous, smaller,  and  more  evenly  distributed  will  these 
particles  be.  If  the  section  be  taken  parallel  to  the 
direction  of  rolling,  the  iron  is  still  seen  to  preserve  its 
crystalline  structure ;  but  in  place  of  the  black  specks  there  are 
long  strings  of  slag  or  oxide.  When  the  metal  is  rolled  hot 
the  metal  crystals  are  not  elongated,  since  at  welding  tem- 
perature they  can  rearrange  themselves  freely,  but  the  par- 
ticles of  slag  and  oxide  are  drawn  out,  and  thus  produce  the 
fibre.  The  fibre,  therefore,  is  due  to  the  breaking  up  of  the 
structure  by  the  presence  of  these  threads  of  foreign  matter, 
and  that  is  why  malleable  iron  is  so  much  weaker  across  the 
grain  than  with  it.  The  fibre  is  not  a  source  of  strength, 
except  in  so  far  that  it  shows  that  the  iron  has  been  well 
worked  because  mild  steel,  which  has  no  fibre,  is  stronger  than 
malleable-iron  of  the  same  composition. 

Wire-drawing  very  materially  increases  the  tensile  strength 
of  iron. 

Upon  the  difierences  in  mechanical  treatment  of  hammer- 
ing,   piling,   welding,    and   rolling   which   the   puddled  ball 
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Fig.  64.— Micro  Loi^i- 


haa   received  after  withdrawal   from   the   puddling  furnace 

\  principally  depends  the  commercial  claBsification  of  malleable- 

i^  iron  into  puddled  bar  No.  1,  merchant  bar  No.  2,  best  or  No.  3, 

'_  best-beat,    and  treble-beat   qualities   or   grades.      Of    these, 

puddled  bar  represents  the  long  flat  bars  with  a  rather 

rough  surface,  which,  whilst  unfit  for  the  smith's  use,  are 

used  chiefly  for  cutting  up  and  piling,  as  described  later,  for 

the  production  of  No.  1  and  the  higher  qualities  of  bar-iron. 

No.  1  is  produced  by  the  blooming  of  the  puddled  ball  under 

the  hammer  or  squeezer,  and  then  passing  the  bloom  so 
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produced  without  re-teating  through  the  grooves  of  the 
roughing  and  finishing  rolls  for  the  production  of  the  required 
section,  which  varies  with  the  use  for  which  the  bar  is  intended. 
It  shows  no  fibre,  breaks  with  a  crystalline  fracture,  and 
shows  fragments  of  slag  and  oxide  of  considerable  size 
scattered  through  it. 

For  the  production  of  No.  2  or  "  merchant  bars,"  the 
lowest  quality  of  bar  iron  used  by  the  smith,,  puddled  bar, 
is  cut  up  at  the  shears  into  suitable  lengths,  and  piled  into 
oblong  rectangular  packets,  which  are  then  placed  in  a  re- 
heating furnace,  where  they  are  raised  to  a  welding  heat,  and 
in  that  state  passed,  with  or  without  previous  hammering, 
through  the  several  grooves  in  a  train  of  rolls  which  produce 
the  desired  section. 

In  the  manufacture  of  No.  3,  or  "  best  iron,"  the  pile  or 
packet  is  made  in  the  same  manner  as  for  No.  2,  except  that 
the  top  and  bottom  bars  or  plates  of  the  pile  are  formed  of 
No.  2  iron  instead  of  No.  1,  or  the  whole  pile  may  be  formed 
of  No:  2  cut  up  and  piled  in  the  same  manner  as  for  the  pro- 
duction of  merchant  from  puddled  bat.  The  pile  is  raised  to  a 
welding  heat,  and  then  again  passed  through  the  rolls.  This 
quality  corresponds  to  the  best  Staffordshire  iron  often  men- 
tioned in  engineers'  specifications,  and  is  better  adapted  to 
the  requirements  of  the  smith  than  either  No.  1  or  No.  2, 
owing  to  its  superior  toughness  and  ductility  over  the  low 
grades. 

"  Best-best "  is  a  superior  quaUty  of  bar  iron,  suitable 
for  chains,  anchors,  rivets,  etc.,  and  is  the  result  of  the  cutting 
up,  piling,  re-heating,  and  re -rolling  of  bars  of  No.  3  iron ; 
while  a  further  repetition  of  this  process  yields  the  "  treble 
best "  iron  of  the  iron-master.  The  varieties  of  iron  known 
by  the  names  Best-best-best,  etc.,  are  not  always  made  by 
the  system  of  rollings  described  above,  but  often  depend  on 
the  character  of  the  iron  used,  Best-best  iron  being  often 
produced  from  puddled  bar  by  one  piling,  heating  and  rolling. 

Malleable-iron  is  rolled  into  various  "  sections  "  at  the 
mill — ^round  bars,  square  bars,  half  rounds,  L  bars,  Z  bars, 
T  bars,  channels,  and  many  other  forms.  As  each  form- 
and  each  size  of  each  form  requires  a  separate  pair  of  rolls, 
each  mill  usually  rolls  only  a  limited  number  of  sections, 
and  each  firm  issues  a  section  book  giving  the  sections  it  is 
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prepared  to  roll  without  the  cost  of  making  new  rolls.  Rails, 
girders,  and  heavy  sections  are  now  almost  always  rolled  of 
mild  steel. 

"  Nail  rods  "  are  the  square  bars  used  by  nail-makers,  etc., 
and  are  produced  by  cutting  up  the  ordinary  plates  of  the 
required  thickness  in  a  sHtting  mill,  which  consists  of  a  pair 
of  rolls  fitted  with  collars,  either  turned  on  the  rolls  them- 
selves or  supplied  by  loose  discs  fitted  to  them.  The  rolls 
revolve  together  so  that  the  collars  in  one  roll  fall  into  the 
spaces  between  the  collars  of  the  other,  thus  forming  a  series 
of  circular  cutters  which  act  as  shears  upon  the  plate  or  bar 
passed  between  the  rolls,  and  so  cut  up  the  metal  into  a 
number  of  small  rods  or  bars. 

"  Iron  plates  "  in  like  manner  result  from  the  rolling  of 
suitably  piled  bars,  the  white-hot  pile  being  first  passed 
through  the  grooves  of  the  blooming  rolls  for  the  production 
of  a  square  bloom,  which  is  then  passed  through  the  roughing 
rolls,  and  finally  through  the  finishing  rolls,  the  thickness  of 
the  bloom  or  plate  being  reduced  at  each  successive  passage 
between  the  rolls.  The  order  of  passage  and  mode  of  building 
up  the  pile  for  plates  varies  with  the  size  of  the  plates. 
It  is  usual  to  describe  all  plates  of  a  thickness  below  No.  4 
Birmingham  Wire  Gauge  (abbreviated  B.W.G.) — *238  in. — 
as  "  sheets,"  whilst  all  above  such  a  thickness  are  called 
"  plates."  "  Black  plates  "  are  the  thin  sheets  intended  for 
tinning,  and  which,  during  the  process  of  rolHng,  are  doubled 
over  upon  themselves  after  every  re-heating.  This  doubling 
is  performed  in  the  case  of  very  thin  sheets  so  that  sixteen 
thicknesses  are  being  passed  between  the  rolls  at  once,  before 
the  plates  are  cut  up  to  their  proper  and  finished  sizes.  Sheets 
so  produced  are  classified  as  "  singles,"  if  between  No.  4 
and  No.  20  B.W.G.  ('238  in.  to  '035  in.)  in  thickness ;  or 
as  "  doubles  "  if  between  No.  20  and  No.  25  B.W.G.  ('035 
in.  and  '020  in.)  in  thickness ;  and  as  "  trebles  "  or  "  lat- 
tens  "  if  between  No.  25  and  No.  27  B.W.G.  ('020  inch  and 
•016  inch)  in  thickness.  It  is  necessary  to  add  that  in  present 
day  practice  steel  plates — :not  iron  plates — are  employed  in 
the  manufacture  of  tinplate  and  galvanised  sheets. 
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CHAPTER   XIV. 

THE   PRODUCTION   OP  MALLEABLE -IRON. 

Malleable- IRON  may  be  produced  direct  from  iron  ores,  or 
indirectly  by  first  smelting  the  iron  ore  and  then  treating  the 
pig-iron  in  the  open  hearth  or  reverberatory  furnace. 

The  methods  for  the  production  of  wrought-iron  direct 
from  the  ores  include  the  Catalan  and  similar  processes,  still 
used  to  a  small  extent  in  the  Pyrenees,  India,  and  some 
other  places ;  the  method  of  the  American  bloomery 
furnaces,  and  some  more  modem  methods. 

The  methods  for  the  production  of  malleable-iron  by  the 
indirect  processes :  (a)  The  treatment  of  pig-iron  in  the  open 
hearth,  as  by  the  South  Wales  process ;  in  the  Lancashire 
hearth  or  Swedish  finery,  and  similar  processes  ;  and  (h)  The 
treatment  of  pig-iron  in  the  reverberatory  or  puddHng 
furnace,  this  being  the  process  by  which  the  bulk  of  the 
malleable-iron  is  produced. 

The  direct  processes  necessitate  the  use  of  purer  and  richer 
ores  and  fuels  than  the  indirect  processes ;  since  although 
ferric  oxide  is  reduced  at  a  red-heat  by  carbon-monoxide,  yet 
the  reduced  iron  is  then  left  mixed  with  the  gangue  of  the  ore  ; 
but  if  the  gangue  be  readily  fusible,  then  the  iron  sponge 
produced  by  this  reaction  may  be  consoUdated  by  hammering 
or  squeezing  into  a  comparatively  solid  bloom,  and  the  scorisB 
at  the  same  time  expelled.  In  the  direct  process  readily 
fusible  scorisB  permitting  of  being  thus  expelled  can  only  be 
produced  by  using  rich  ores  and  extracting  only  a  portion  of 
the  metal  which  they  contain,  the  remainder  of  the  iron 
escaping  in  combination  with  the  silica  and  other  impurities 
of  the  ore,  and  so  producing  readily  fusible  sihcates  rich  in 
iron.  Under  these  circumstances  the  carbon  does  not  com- 
bine with  the  reduced  iron  in  sufficient  quantity  to  recarburise 
it  to  the  condition  of  pig-iron. 

The  Catalan  process  is  now  little  used,  but  it  may  be  taken 
as  a  type  of  the  primitive  method  for  the  direct  production 
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of   malleable -iron.      The   ores    must    be    rich    and    readily 

fusible,  and    charcoal  cheap  and  abundant ;    but  even  then 

the  product  is  expensive,  owing  to  the  large  consumption 

of   fuel — from  3   to  4  tons    of 
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Fig.  66 — Catalan  Fumaoe  and  Blowing  Apparatus,  Vertical  Section, 

slags,  preventathe  formation  of  cast-iron  in  the  furnace.  There- 
fore the  product  is  iron  ;  containing  only  a  small  proportion  of 
carbon,  but  often  enough  to  make  it  distinctly  steely ;  which 
is  not  fused,  but  collects  in  masses  at  the  bottom  of  the 
hearth. 

The  Catalan  furnace  (Fig.  C6)  coosists  of  a  quadrangular 
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hearth,  about  3  ft.  by  2  ft.  6  in.,  tapering  to  2  ft.  2  in.  at  the 
bottom,  the  back  of  the  hearth,  through  which  the  tuyere 
enters,  being  formed  by  the  side  of  the  building  in  which 
the  furnaces  stand.  The  furnace  hearth  is  wider  at  the 
top  than  at  the  bottom,  and  is  built  of  refractory  masonry 
set  in  fire-clay,  openings  being  left  in  the  masonry 
for  the  escape  of  moisture.  The  working  bottom  of 
the  hearth  is  of  sandstone  or  some  very  refractory 
rock,  and  the  sides  K  l  are  built  up  of  heavy  blocks  of 
iron,  the  outer  side  l  being  built  so  as  to  form  a  convex  curve. 
The  conical  tuyere  is  of  sheet  copper  and  into  this  the  blast- 
nozzle  is  inserted  ;  it  is  placed  at  an  angle  of  30°  to  40°  with 
the  bottom  of  the  hearth.  The  blast  is  supplied  by  a  trompe 
or  water-blowing  machine,  the  blast  being  always  highly 
charged  with  water  vapour.  The  process  of  smelting  is  begun 
by  clearing  out  the  remains  of  the  last  charge  and  then  dis- 
tributing over  the  red-hot  hearth  burning  charcoal ;  as  this 
burns  up  the  hearth  is  filled  up  with  charcoal  to  the  level  of 
the  tuyeres,  after  which  a  sheet-iron  division  is  inserted  across 
the  hearth,  and  more  charcoal  is  added  to  the  compartment 
so  formed  nearest  to  the  tuyere,  whilst  the  other  side  farthest 
from  the  tuyere  is  charged  with  roasted  ore,  usually  an  easily 
reducible  brown  haematite  containing  from  40  per  cent,  to 
45  per  cent,  of  metallic  iron.  The  ore  is  first  broken  into 
pieces  of  the  size  of  an  egg,  and  by  raising  the  partition  as 
required  during  the  filling  of  the  hearth  the  ore  is  heaped  up 
on  the  side  opposite  the  tuyere,  and  its  surface  finally  covered 
over  with  damp  charcoal  and  small  ore  ;  while  at  the  same  time 
the  space  between  the  ore  and  the  tuyere  side  of  the  furnace 
is  filled  up  with  the  larger  pieces  of  charcoal.  The  blast  is 
now  put  on  slowly  ;  as  the  temperature  increases  the  reduction 
of  the  metal  is  effected,  the  charge  at  the  same  time  sinking 
down,  and  fresh  charcoal  being  added  to  supply  the  place  of 
that  consumed. 

The  slag  and  spongy  iron  produced  collect  in  the  hearth- 
bottom,  the  workmen  all  the  time  moving  the  descending 
pasty  materials  towards  the  blast-nozzle,  whereby  they  are 
more  strongly  heated,  and  the  slag  better  separated  from  the 
reduced  metal.  After  about  five  hours  sufficient  metal  will 
have  collected  in  the  bottom  of  the  hearth  to  form  a  bloom, 
when  the  slag,  which  has  throughout   been  tapped  out  at 
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intervals,  is  again  run  out,  and  the  spongy  mass  of  metal  i§ 
withdrawn  to  be  shingled  under  the  steam-hammer  to  expel 
the  slag  and  extraneous  matters,  and  to  consolidate  the  mass 
by  welding  together  the  spongy  granular  mass  into  a  more 
solid  bloom.  Each  charge  of  about  9 J  cwts.  of  ore,  containing 
from  45  per  cent,  to  48  per  cent,  of  iron,  occupies  altogether 
about  six  hours  to  work  off,  and  consumes  in  its  reduction  about 
lOf  cwts.  of  charcoal,  yielding,  after  shingling,  cutting  up, 
re-heating,  and  again  hammering,  about  3  cwts.  of  iron  bars. 
The  reactions  which  take  place  are  quite  simple,  the  oxide  of 
iron  is  reduced  partly  by  carbon-monoxide  apd  partly  by  the 
carbon  to  iron  which  separates,  or  to  ferrous  oxide  which 
combines  with  the  silica,  forming  ferrous  silicate. 

Bloomery  furnaces,  similar  in  principle  to  the  Catalan 
forge,  but  having  the  sides  made  hollow  so  as  to  allow  of  the 
circulation  of  water  to  keep  them  cool,  are  still  in  use  in 
remote  parts  of  the  United  States  and  Canada,  for  the  smelt- 
ing of  the  rich  and  pure  magnetic  iron  ores  and  titaniferous 
iron  sands,  the  former  for  preference,  since  the  latter  are 
more  refractory.  The  Bloomery  furnace  was  formerly  em- 
ployed in  England,  but  is  now  abandoned. 

The  High  Bloomery  or  Stuckofen  furnace,  formerly  em- 
ployed on  the  Continent,  occupied  a  position  between  the 
Catalan  and  Bloomery  hearths  just  described,  and  the  modern 
blast  furnace  ;  the  Stiickofen  was  a  small  furnace  about  15  ft. 
high,  and  3  ft.  in  diameter  at  the  hearth,  with  only  a  single 
arch  at  the  hearth,  which  was  loosely  bricked  up  when  the 
furnace  was  at  work,  and  used  alike  for  the  insertion 
of  the  tuyere  and  for  the  withdrawal  of  the  bloom,  or 
sometimes  with  a  single  tuyere  opposite  the  arch.  The  blast 
was  supplied  by  bellows  driven  by  a  water-wheel,  and  the 
slag  was  tapped  out  from  a  separate  slag-hole  at  the  proper 
intervals.  The  furnace  was  first  filled  with  charcoal,  which 
was  ignited  at  the  tuyere  hole  ;  then  the  tuyere  was  inserted 
and  the  blast  turned  on  as  soon  as  combustion  was  thoroughly 
active ;  the  ore  and  charcoal  were  alternately  added  as 
required,  and  in  about  24  hours  sufficient  metal  had  collected 
in  the  form  of  a  bloom  on  the  hearth  to  require  removal, 
an  operation  effected  by  first  removing  the  bellows  and  the 
tuyere,  and  then  taking  down  the  temporary  masonry  which 
closed  the  arch  through  which  the  bloom  of  spongy  metal 
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was  withdrawn  for  consolidation  by  shingUng  under  the 
hammer.  The  bloom  so  obtained  was  cut  up,  refined  in  small 
hearths  or  bloomeries  with  bottoms  lined  with  fine  charcoalf 
and  the  refined  bloom  was  again  hammered  out  for  the 
production  of  bars. 

Many  other  methods  have  been  suggested  for  the  direct 
preparation  of  malleable-iron,  either  as  a  sponge  or  as  welded 
masses.  In  the  Hursgafel  process  oxide  of  iron  was  reduced 
by  charcoal  in  an  iron  cased  cupola  with  a  movable  hearth 
in  which  the  bloom  could  be  moved  away  to  the  hammers. 
Id  the  Siemens  direct  process  the  ore  was  reduced  by  char- 
coal in  a  rotating  furnace,  and  was  balled  up  in  the  ordinary 
way.  .In  the  Chenot  process  an  iron  sponge  was  obtained 
by  heating  the  ore  and  charcoal  in  an  externally  heated  fire- 
brick retort,  the  charge  being  cooled  by  passing  through  a 
water  cooled  chamber  before  it  left  the  furnace ;  and  in 
Blair's  process  the  reduction  was  brought  about  by  producer 
gas  These  processes  were  all  abandoned  when  mild  steel 
was  introduced,  and  for  so  many  purposes  displaced  malleable - 
iron. 
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CHAPTER  XV. 

PREPARATION  OP  MALLEABLE- IRON  IN  OPEN  HEARTHS. 

The  method  of  producing  malleable-ixon  by  the  treatment 
of  pig-iron  in  open  -  hearth  fineries  ia  of  considerable 
antiquity  but  has  now  rapidly  diminished  in  importance, 
and  is  almost  extinct.  The  usual  course  is  simply 
to  melt  pig-iron  in  shallow  hearths,  and  then  to  expose 
it  to  the  decarburising  influence  of  a  blast  or  current  of 
atmospheric  air  directed  upon  its  surface  from  an  inclined 
tuyere.  Another  course  is  to  use  white  iron  approaching 
in  composition  to  refined  metal,  and  to  introduce  into  the 
furnace  such  decarburising  agents  as  heematite,  hammer- 
scale,  and  the  like,  without  any  material  assistance  from  the 
decarburising  influence  of  the  blast. 

The  operations  for  the  conversion  of  grey  pig-iron  into 
malleable-iron  upon  the  open  hearth  embrace  three  stages. 
In  the  first  stage  the  grey  iron  is  converted  into  white  iron  in 
a  coke  refinery  ;  the  second  stage  is  that  of  lifting  and  breaking 
up  the  metal  in  the  furnace,  while  the  third  or  final  stage 
is  that  of  balling  the  product.  The  whole  operation  may  be 
conducted  in  two  separate  furnaces  consisting  of  one  refinery, 
or  running-out  fire,  working  in  conjunction  with  two  charcoal 
fineries,  or  it  may  be  completed  in  one  hearth  or  fire.  The 
former  method  represents  the  mode  of  procedure  in  South 
Wales,  whilst  the  latter  constitutes  the  German  or  Walloon 
process  of  Sweden,  etc. 

The  South  Wales  procesB  was  employed  to  produce  the 
metal  for  "  coke  plates."  It  consisted  in  the  fusion  of  good 
quality  pig-iron  in  a  coke  refinery  or  running-out  fire,  followed 
by  a  further  fining  and  working  of  the  refined  metal  so  pro- 
duced in  a  charcoal  finery  ;  the  product  was  worked  under  the 
steam  hammer  or  helve  into  large  cakes  or  stamps  of  from 
1^  in.  to  2  in.  thick,  and  these  are  then  re-heated  in  the  hollow 
fire,  forged  under  helves,  and  rolled  into  bars ;  these  latter 
were  then  cut  up  into  proper  lengths  for  rolling  out  in  the 
manner  to  be  subsequently  described,  into  sheets  or  plates 
of  the  required  thiclmess. 
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The  refinery  or  runmng-out  fire  was  a  small  hearth, 
about  18  in.  square,  to  which  a  blast  of  air  was  supplied 
through  a  pair  of  incUned  tuyeres,  which  is  employed  for 
the  conversion  of  grey  into  white  iron  preliminary  to  dry 
puddling  in  the  reverberatory  furnace.  Worked  in  con- 
junction with  the  South  Wales  refinery  were  two  charcoal 
fineries  placed  immediately  in  front  of  it  but  at  a  lowel  level, 
so  that  the  charge  of  imperfectly  refined  metal  could  be, 
tapped  from  the  bottom  of  the  refinery  hearth,  and  run  direct 
along  inclined  grooves  or  channels  into  the  two  fineries  between 
which  the  charge  of  one  refinery  was  divided. 

The  charcoal  fineries  were  also  small  rectangular  hearths 
surmounted  by  a  chimney  or  stack  and  supplied  with  cold 
blast  through  a  water  tuyere.  The  hearth  was  formed  of 
cast-iron  plates,  and  the  bottom  was  made  hollow  in  order 
that  it  might  be  kept  cool  by  the  circulation  of  air  beneath  it ; 
the  side  plates  along  three  sides  of  the  hearth  were  placed 
vertically,  whilst  the  fourth  or  working  side  was  made  to  slope 
outwards. 

In  the  refinery  or  running-out  fire  coke  was  used  as  fuel, 
and  upon  the  hearth,  previously  charged  with  coke,  there  was 
placed  at  each  charge  from  5  cwts.  to  6  cwts.  of  pig-iron, 
which  then  slowly  melted  and  collected  on  the  bottom  of  the 
furnace,  becoming  partially  decarburised  and  refined  by  the 
oxidising  action  of  the  inclined  blast.  The  metal  so  collected 
in  the  hearth  was  then  tapped  out  from  the  bottom  and  divided 
between  two  charcoal  fineries,  which  were  still  at  a  red  heat 
from  the  working  ofi  of  the  last  charge.  The  charcoal  fineries, 
after  the  withdrawal  of  a  charge,  were  cleared  of  residual 
matter  before  the  introduction  of  a  fresh  charge  from  the 
refinery,  and  any  metal  that  remained  on  the  hearth  was 
collected  into  a  ball  to  be  added  to  the  next  charge.  In 
tapping  the  metal  from  the  refinery  into  the  two  fineries, 
the  slag  was  kept  back  as  much  as  possible,  but  a  little  always 
passed  into  the  fineries  and  quickly  solidified  on  the  surface 
of  the  metal,  from  whence  it  was  removed  and  a  quantity  of 
charcoal  then  thrown  over  the  metal.  At  this  stage  the 
blast  was  turned  on,  and  the  partially  solidified  metal  was 
broken  up  by  the  workman,  who  then  drew  the  metal  towards 
the  tuyere  side  of  the  hearth  whilst  water  was  lightly  thrown 
over  the  surface  of  the  charcoal  to  prevent  loss  by  its  burning 
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away,  and  more  fuel  was  added  as  required  during  the  progress 
of  the  process.  The  residual  ball  of  metal  collected  from 
the  hearth  after  the  withdrawal  of  the  previous  charge  was 
now  added,  and  in  a  little  over  one  hour  from  the  commence- 
ment, the  workman  having  in  the  meantime  constantly  broken 
up  and  raised  the  metal  &om  the  hearth  bottom  towards  the 
tuyeres,  the  metal  would  have  "  come  to  nature,"  as  it  is  termed, 
and  a  lump  of  pasty,  malleable  metal,  mixed,  however,  with 
much  slag  or  cinder,  collected  in  the  bottom  of  the  hearth, 
from  whence  it  was  withdrawn  in  one  bloom  or  ball  weighing 
something  under  2  cwtfl.  This  bloom  was  forthwith  shingled 
under  the  steam-hanmier  or  under  a  helve  of  about  6  tons 
weight,  for  the  production  of  a  flat  bar  or  slab  1 J  in.  to  2  in. 
thick,  which  was  nicked  so  that  it  could  be  broken  up  by  the 
sledge  hammer  into  pieces  or  stamps,  weighing  about  28  lbs. 
each.  The  fracture  of  each  bar  was  examined,  and  only  such 
slabs  as  presented  a  fairly  crystalline  and  uniform  grain 
of  metal  were  used  in  the  formation  of  the  pile  for 
the  finished  sheets.  During  the  conduct  of  the  process 
of  fining,  it  was  the  practice  to  tap  out  the  slag  or  cinder 
from  the  hearth  two  or  three  times,  as  might  be  required.  Such 
slags  or  cinders  were  of  a  highly  basic  character,  containing 
towards  the  end  of  the  fining  operation  as  much  as  75  per 
cent,  of  oxide  of  iron. 

The  stamps  obtained  as  above  were  subsequently  piled 
upon  the  flattened  end,  from  12  in.  to  18  in.  long,  of  a  staff 
made  of  a  metal  similar  in  quality  to  that  of  the  stamps 
themselves.  The  pile  formed  by  placing  about  three  of 
the  stamps  upon  the  staff  was  raised  to  a  welding  heat  in  tlie 
hollow-fire,  and  then  welded  into  a  sohd  mass  under  the 
hammer,  whereupon  the  slab  so  formed  was  nicked  on  the 
under  side  and  then  doubled  upon  itself,  whereby  the  top 
and  bottom  surfaces  of  the  pile  are  produced  from  the  same 
surface  of  the  slab.  The  pile  was  again  raised  to  a  welding 
heat  in  the  hollow-fire  and  again  welded  under  the  hammer 
into  a  billet,  which  is  taken  whilst  still  hot,  sheared  from  the 
handle  of  the  staff,  and  at  once  rolled  into  a  bar. 

The  particular  method  of  procedure  just  described  for  the 
production  of  the  hammered  bloom  was  known  as  the  metliod 
of  "  tops  and  bottoms,"  from  their  upper  and  lower  surfaces 
being  produced  from  the  same  face  of  the  slab,  and  these 
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blooms  were  afterwards  sent  to  the  rolls  for  rolling  out  into 
sheets,  of  which  the  upper  and  lower  sides  present  the  same 
kind  of  surface. 

The  hollow-fire  for  reheating  the  stamps  was  a  deep  rect- 
angular hearth  or  chamber  of  brickwork,  arched  over  at 
the  top,  whilst  in  the  sides  are  openings  closed  by  sliding 
doors.  The  bottom  of  the  hearth  was  -formed  of  cast-iron 
plates,  beneath  which  the  air  was  free  to  circulate  for  keeping 
the  plates  cool.  On  the  bottom  plate  was  built  a  layer  of 
fire-brick,  and  the  hearth  was  not  provided  with  any  chimney 
or  stack,  but  the  gaseous  products  of  combustion  before  escap- 
ing to  the  atmosphere,  passed  from  the  hollow-fire  through 
a  partition  or  wall  between  it  and  a  second  chamber  in  which 
the  pile  of  stamps  was  placed  for  a  preliminary  heating  before 
it  was  inserted  into  the  flame  of  the  hollow-fire.  The  firing  door 
or  stoke-hole  was  on  one  side  of  the  chamber,  and  through  this 
door  the  fuel  (coke)  was  introduced  on  to  the  hearth  bottom. 
The  chamber  was  at  all  times  only  partially  filled  with 
fuel,  and  the  combustion  was  maintained  by  a  blast 
of  air  introduced  from  an  inclined  tuyere  near  to  the  surface 
of  the  fuel.  In  this  manner  the  chamber  or  furnace  above 
the  fuel  was  filled  with  flame,  which  played  around  the  stamps 
placed  within  it  for  reheating  ;  the  pile  did  not  rest  upon  the 
bottom,  but  was  supported  in  the  midst  of  the  flame,  in  which 
manner  it  is  raised  to  a  welding  heat  without  coming  into 
contact  with  the  fuel,  the  handle  of  the  stafl  all  the  time 
projecting  beyond  the  furnace  door. 

The  Lancashire  hearth  or  Swedish  finery  is  also  a 
rectangular  closed  chamber  or  hearth,  the  sides  and  bottom 
of  which  are  of  cast-iron  plates.  The  hearth  communicates 
by  horizontal  flues  with  the  stack,  and  the  pig-iron  is  first 
placed  in  them  for  heating  before  it  is  drawn  forward  into 
the  hearth  itself.  Through  One  tuyere  is  introduced  a  blast 
heated  to  a  temperature  of  212°  F.  (100°  C.)  by  passing  it 
through  a  series  of  iron  tubes  heated  by  the  waste-gases  of 
the  finery ;  the  blast  is  delivered  at  a  pressure  of  from  1  lb. 
to  IJ  lbs.  per  square  inch.  The  method  of  procedure  with 
the  Lancashire  hearth  is  first  to  charge  upon  the  heated  hearth 
a  quantity  of  charcoal ;  then  to  add  from  the  flues  or  heat- 
ing chambers  a  charge  of  about  2  cwts.  of  the  pig-iron  which 
has  been  heated  there  by  exposure  to  the  gases  in  the  flues  ; 
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the  blast  is  then-  turned  on  and  more  charcoal  is  added,  in 
which  manner  the  metal  is  slowly  melted  and  trickles  down 
before  the  blast,  so  that  it  is  partially  decarburised  before 
it  reaches  the  hearth  bottom,  where  it  partly  solidifies  or 
hardens.  The  workman  is  constantly  engaged  breaking  up 
the  metal  with  his  bars  and  raising  it  before  the  blast  for 
further  fining  and  decarburisation.  As  the  decarburisation 
thus  proceeds,  the  metal  becomes  less  fusible,  and  the  work- 
man is  able  to  raise  the  whole  charge  to  the  top  of  the  fuel  in 
the  hearth,  and  this  being  accomplished,  it  is  immediately 
followed  by  the  addition  of  fresh  charcoal  and  an  increase 
in  the  temperature  by  the  turning  on  of  more  blast,  whereby 
the  partially  fused  metal  is  again  perfectly  melted,  and  thus 
better  separated  from  the  slag  with  which  it  is  mixed  ;  and 
this  being  effected,  the  fined  metal  is  collected  into  a  ball 
upon  the  hearth  bottom,  and  is  then  withdrawn  from 
the  furnace,  shingled  as  usual,  and  cut  up  into  suitable  lengths 
for  pihng  and  reheating,  either  in  a  separate  fire  or  in  a  gas- 
furnace.  The  pile  is  then  rewelded  and  further  treated  under 
the  hammer  or  rolls  for  the  production  of  malleable  bars. 

The  fuel  consumed  in  this  hearth  amounts  to  about  150  lbs. 
of  charcoal  per  100  lbs.  of  bars  produced,  whilst  the  process 
is  attended  with  a  loss  of  about  15  per  cent,  of  the  weight  of 
the  pig-iron  introduced  into  the  furnace  or  finery. 

The  Walloon  process,  Uke  the  Swedish-Lancashire  hearth 
last  described,  is  an  example  of  the  three  operations  of  melting 
down,  breaking  up,  and  baUing  of  the  product  in  one  and  the 
same  furnace,  as  a  contipuous  operation,  and  is  principally 
interesting  as  being  the  method  according  to  which,  in  Sweden, 
the  famed  Dannemora  malleable  iron  is  produced.  The 
furnace  is  a  simple  quadrangular  hearth  from  2  ft.  to  2  ft.  6  in. 
wide,  and  about  10  in.  deep ;  it  is  formed  of  thick  cast-iron 
plates,  and  is  fitted  with  an  incUned  tuyere  through  which 
the  blast  is  introduced  from  two  pairs  of  primitive  bellows, 
worked  by  cams  upon  a  revolving  shaft  driven  usually  by 
water  power.  The  hearth  is  surmounted  by  a  hood  and 
chimney  of  brickwork,  for  taking  away  the  gases,  etc.,  from 
it.  In  one  side  of  the  hearth,  and  opening  near  the  bottom 
of  it,  is  an  aperture  through  which  the  liquid  slags  produced 
by  the  process  are  tapped  out. 

The  hearth,  having  worked  ofi  its  last  charge,  is  partially 
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cleaned  by  tapping  out  most  of  tlie  remaining  slag,  but  it 
is  still  necessary  to  leave  in  the  hearth  sufl&cient  of  the  highly 
basic  slag  to  assist  in  the  decarburisation  of  the  succeeding 
charge  ;   for  the  fining  in  this  process  is  always  conducted  in 
a  bath  of  slag.     Besides  the  slag,  there  will  also  remain  a 
residue  of  incandescent  charcoal,  and  upon  this  is  placed  the 
succeeding  charge  of  from  2  cwts.  to  3  cwts.  of  metal,  pre- 
viously cast  into  small  pigs.     The  hearth  is  then  filled  up 
with  fresh  charcoal,  and  the  blast  is  turned  on,  at  first  slowly, 
but  more  freely  as  the  process  goes  on.     The  metal  for  re- 
fining soon  begins  to  melt,  and  falls  down  in  front  of  the  blast 
in  its  descent  towards  the  hearth  bottom ;    it  thus  becomes 
partially  decarburised  and  purified  under  the  oxidising  in- 
fluence  of   the   blast,   the   decarburising   action   being  also 
assisted  by  the  highly  basic  slags   of  ferrous  silicate,  which 
collect  upon  the  surface  of  the  metal  in  the  hearth.     The 
slags,  as  before  mentioned,  are  tapped  out  through  the  slag- 
hole   as   their   quantity   becomes   excessive,    only   sufficient 
being  retained  in  the  hearth  to  cover  the  fluid  metal,  and 
promote  by  its  basic  character  the  desired  decarburisation 
of  the  pig-iron ;   but  the  richer  portions  of  the  slags  tapped 
out  are  collected,  and,  along  with  the  hammer-scale  obtained 
in  the  hammering  of  the  bars,  are  added  to  a  subsequent 
charge  during  the  first  or  melting-down  stage  of  the  process. 
A  pasty  mass  of  partially-refined  iron  thus  collects  in  the 
bottom  of  the  hearth,  and  the  workman,  with  the  assistance 
of  a  strong  iron  bar,  then  collects  the  metal  into  one  mass 
or  bloom,  and  raises  it  on  to  the  top  of  the  fuel,  more  fuel 
being  at  the  same  time  added  and  the  pressure  of  blast  further 
increased.     In  this  manner  the  metal  again  melts  and  passes 
down  as  before  into  the  hearth,  having  undergone  a  further 
degree  of  fining  or  decarburisation,  by  exposure  to  the  oxidising 
influence  of  the  blast,  so  that  the  metal  has  by  this  time 
assumed  a  spongy  condition.     It  is  again  collected  into  one 
bloom  or  ball,  and  withdrawn  from  the  furnace  to  be  shingled 
for  the  expulsion  of  mechanically-mixed  slag  and  the  con- 
solidation and  welding  together  of  the.  spongy  mass.     The 
blooms  weigh  from  1  cwt.  to  2  cwts.  each,  and  are  cut  up  at 
the  same  heat  imder  the  hammer  into  three  or  four  pieces  of 
suitable  lengths,  which  are  then  reheated,  and  again  hammered 
for  drawing  out  into  bars. 
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The  melting-down  stage  of  this  process  occupies  from 
three  to  three  and  a  half  hours,  and  the  whole  operation^ 
including  balling  and  shingling  of  the  blooms,  requires  about 
five  hours.  The  hearth  is  worked  much  hotter  than  the 
ordinary  charcoal  finery,  and  the  loss  of  metal  is  from  15 
to  20  per  cent,  of  the  charge  of  pig-iron  introduced,  while 
the  consumption  of  charcoal  amounts  to  about  150  lbs.  for 
every  100  lbs.  of  pig-iron  treated.  During  the  drawing  down 
of  the  shingled  bloom  into  bars  some  five  or  six  reheatings 
of  the  metal  are  necessary,  of  which  the  first  is  effected  in 
the  finery  hearth  itself,  during  the  first  or  melting-down  stage 
of  the  process,  the  shingled  bloom  being  held  for  this  purpose 
by  a  pair  of  suitable  tongs  in  the  fore  part  of  the  hearth, 
where  the  temperature  is  sufficient  to  heat  the  bloom  almost 
to  a  welding  heat ;  but  the  later  reheatings  are  effected  in  a 
separate  fire. 

The  exact  method  of  procedure  observed  in  the  working 
of  the  Walloon  process  varies  somewhat  from  that  described 
above  in  different  works  and  localities.  Thus,  instead  of 
introducing  the  charge  on  to  the  hearth  in  the  form  of  small 
pigs  or  slabs,  it  is  not  unusual  to  prepare  white  or  mottled 
pig-iron  in  slabs  of  15  ft.  or  16  ft.  long  and  3  in.  thick, 
and  when  the  hearth  is  filled  up  with  charcoal  and  the  blast 
turned  on,  a  slab  is  introduced  by  resting  it  on  a  roller  in 
front  of  the  hearth,  whilst  its  extremity  is  pushed  over  the 
plate  in  front  of  the  tuyere,  and  so  held  in  the  middle  of  the 
hearth  at  a  distance  of  9  in.  or  10  in.  above  the  bottom.  The 
end  of  the  slab  is  thus  presented  to  the  high  temperature  of 
the  hearth  near  the  tuyere,  and  as  it  melts  down  it  is  gradually 
pushed  farther  into  the  hearth  until  in  this  manner  the  amount 
of  metal  required  to  produce  a  bloom  of  about  100  lbs.  in 
weight  has  been  introduced.  By  this  method  the  fining  or 
"  coming  to  nature,"  is  very  rapid  ;  and  the  workman  during 
the  melting  down  also  constantly  rabbles  the  metal  with  iron 
bars  as  it  collects  on  the  hearth. 

The  metal  produced  in  these  charcoal  or  Walloon  fineries 
is  of  a  superior  quality  ;  but  it  is  deteriorated  when  hot-blast 
and  coke  instead  of  cold-blast  and  charcoal  are  employed. 
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CHAPTER    XVI. 

PUDDLING. 

Almost  all  the  malleable-iron  of  commerce  is  now  pre- 
pared by  puddling,  a  process  which  was  invented  by  Cort  in 
1784.  It  consists  in  heating  the  pig  iron  on  the  hearth  of  a 
small  reverberatory  furnace  with  free  access  of  air  till  the 
carbon  and  silicon  are  oxidised  out.  Cort  used  a  furnace 
with  a  sand  bottom,  and  used  white  iron,  which  never  became 
liquid,  but  remained  during  the  whole  process  in  a  more  or 
less  pasty  condition,  and  this  form  therefore  was  called  dry 
puddling.  In  the  modern  form  of  the  process  grey  iron  is 
used.  This  melts  perfectly,  and  the  escape  of  carbon  mon- 
oxide produces  the  appearance  of  boiUng.  The  process  is 
therefore  called  wet  puddling  or  pig  boiling. 

The  puddling  furnace  employed  in  Staffordshire 
(Figs.  67  to  71)  has  a  hearth  of  the  form  shown  in 
Fig.  69,  with  a  low  flat  arch  or  roof  of  fire-brick,  z  (Fig.  71), 
sloping  gradually  from  over  the  front  wall  of  the  fireplace 
to  the  flue  at  the  stack  end  of  the  furnace.  In  the  small 
single  furnaces  the  roof  is  higher  at  the  working  side  over 
the  door  than  it  is  at  the  opposite  side.  The  fire- 
bridge, a,  between  the  hearth,  c,  and  the  grate,  6,  is  formed 
of  a  hollow  cast-iron  frame  encased  in  fire-brick,  while  the 
flue-bridge,  n,  across  the  other  end  of  the  hearth,  separates  the 
hearth  &om  the  flue  and  the  stack.  The  last-named,  ^,  is 
built  of  common  red  bricks  Hned  with  fire-brick  ;  for  one  fur- 
nace only  it  ranges  from  30  ft.  to  50  ft.  high,  and  is  strength- 
ened, as  shown,  by  angle-irons  up  each  corner,  and  well  braced 
together  by  tie-rods  passing  around  the  stack.  The  stack 
is  surmounted  by  a  damper  connected  with  a  lever  and  chain, 
the  latter  brought  down  within  reach  of  the  puddler  that  he 
may  regulate  the  draught  as  required  during  the  working 
of  the  process.  The  outer,  or  the  side  and  end  walls  of  the 
furnace,   are    enclosed  within  strong  cast-iron  plates   d^  d 


Fig.  67. — Pnddling  Furnace,  Front  Elevation. 


Fig.  68. — Puddling  Furnace,  Vertical  Longitadinal  Section. 


Fig.  69. — Bed  of  Puddling  Furnace,  Horizontal  Section  showing  Plan, 

(buckataveB),  bolted  together  through  suitable  flanges,  and 
the  plating  of  one  Bide  is  connected  with  that  on  the  opposite 
side  by  tie-bolte  or  rods,  passing  from  side  to  side  over  the 
top  of  the  furnace. 

The  hearth  c  is  about  6  ft.  long  and  about  3  ft.  9  in. 
wide  at  the  fire-bridge  end,  and  2  ft.  9  in.  at  the  flue-bridge 
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end.  The  bridge  a,  between  the  hearth  and  the  grate-bars 
ia  formed  of  a  hollow  cast-iron  frame  enclosed  in  fire- 
brick, and  the  fire-bars  are  of  the  ordinary  wrought-iron 
type,  readily  movable  for  the  removal  of  any  clinker,  etc., 
adhering  to  them,  and  they  are  supported  on  the  usual  bearers 
U  The  bottom  of  the  furnace  bed  is  formed  of  cast-iron 
plates,  which  are  often  rebated  together,  and  iiie  joints  care- 
fully caulked,  the  whole  being  supported  upon  dwarf  pillars, 
bearers,  or  brackets,  as  shown  in  Fig.  68,  to  permit  of  air 
circulation  beneath  them.  The  sides  of  the  hearth  are  often 
formed  of  hollow  castings  cooled  by  the  circulation  of  air 
through  them ;    they  are  covered  at  the  top  and  back  by 


Fig.  70.— Puddling  Furnace, 
End  Elevation. 


Fig.  71. — Puddling  Furnace,  Trans- 
verse Section  on  Line  A  b  (Fig.  69). 


brickwork,  which  overlaps  or  projects  inwards  at  the  top 
or  upper  edge  beyond  the  side  castings,  so  as  to  form  a  recess 
into  which  the  fettling,  or  refractory  lining,  is  introduced 
for  the  protection  of  the  side  plates.  The  depth  of  the  fire- 
place or  grate-bars  below  the  bridge  varies  with  the  nature 
of  the  fuel  to  be  consumed,  a  greater  depth  being  required 
for  slightly  bituminous  coals.  But  the  best  fuel  for  the 
ordinary  grate  is  a  non-caking  coal  rich  in  hydrogen,  this 
burning  with  the  production  of  a  long  flame  which 
plays  over  the  whole  length  of  the  furnace  hearth. 
The  area  of  the  grate-bars  is  from  one-third  to  one-half  of 
the  area  of  the  bed,  being  thus  considerably  larger  in  pro- 
portion to  the  area  of  the  bed  than  is  required  with  the  re- 
heating,   balHng,    or   ordinary   reverberatory   furnace.     The 
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firing-hole,  h  (Figs.  67  and  70),  is  in  the  front  or  working  side^ 
with  its  sill-plate  about  10  in.  above  the  level  of  the  grate-bars  ; 
it  is  not,  however,  closed  by  any  door,  but  after  firing  or  the 
introduction  of  the  necessary  fuel  on  to  the  grate,  it  is  stopped 
by  placing  upon  the  sill  of  the  fire-hole  a  few  lumps  of  coal, 
and  then  throwing  over  these  a  shovelful  of  small  coal  against 
the  opening  into  the  grate.  The  working  door  w  is  placed 
some  10  in.  above  the  bed  of  the  furnace,  and  it  is  closed  by 
a  door  formed  of  a  large  fire-brick  tile,  slab,  or  quarry  fixed 
in  an  iron  frame,  and  suspended  by  a  chain  from  a  lever, 
/  (Fig.  71),  at  whose  opposite  end  is  a  counterbalance  weight 
and  suspended  chain,  by  means  of  which  the  door  can  be 
readily  raised  and  lowered  for  introducing  the  charge  and 
withdrawing  the  puddled  balls ;  for  these  purposes  only  is 
the  door  used,  the  working  of  the  charge  being  effected  without 
opening  the  door  by  the  puddler  introducing  his  bars  or  paddles 
through  the  stopper-hole  k  (Fig.  71),  the  sides  or  edges  of 
which  serve  as  a  fulcrum  for  the  rabbles  during  the  stirring 
and  working  of  the  charge.  In  Scotland  the  furnaces  are 
always  worked  with  a  closed  ashpit,  a  jet  of  air  and  steam 
being  blown  in  at  the  chimney  end  passing  under  the  hearth 
and  thence  to  the  fireplace. 

Large  or  double  furnaces  have  two  working  doors,  one 
on  each  side;  they  require  two  sets  of  men  for  their 
manipulation  and  are  equivalent  to  two  ordinary  furnaces, 
but  more  economical  in  fuel. 

Below  the  sill-plate  of  the  working  door  is  the  tap-hole 
(Fig.  67),  which  is  stopped  with  sand  during  the  working  of 
the  furnace,  and  through  which  the  slag  or  cinder  is  with- 
drawn ;  the  cinder  also  flows  over  the  flue-bridge  during  the 
working  of  the  furnace,  and  collects  at  the  bottom  of  the 
stack.  For  burning  bituminous  coal  the  area  of  the  flue 
requires  to  be  about  one-fifth  of  the  superficial  area  of  the 
grate-bars,  but  for  anthracite  coal  the  sectional  area  of  the 
flue  is  but  one-seventh  of  the  grate  area.  In  Scotland  no  slag 
is  tapped  out,  but  it  is  allowed  to  boil  over  the  sill  of  the  door 
into  a  "  bogie  "  put  to  receive  it. 

Preparing  the  Hearth.— The  working  bed  (Fig.  68),  or 
h'ning  of  the  hearth  of  the  puddling  furnace,  was  formerly  of 
sand,  but  is  now  always  made  of  refractory  substances  rich  in 
t^he  oxides  of  iron,  such  as  haematite  hammer-scale^mixed,  or 
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similar  material,  such  matters  aiding  by  their  oxidising 
character  in  the  conversion  of  pig-iron  into  malleable-  or 
wrought-iron.  The  bottom  is  prepared  by  first  putting  on  the 
hearth  a  layer  of  broken  slags,  tap-cinder  or  hammer-scale,  and 
then  raising  the  temperature  sufficiently  to  soften  these  ma- 
terials that  they  may  be  spread  over  the  bottom  to  a  imiform 
depth  of  about  3  in. ;  upon  this  is  placed  a  layer  about  IJ  in. 
thick  of  a  "  fettling  "  consisting  of  a  nearly  pure  oxide  of 
iron,  in  the  form  of  a  soft  red  haematite  known  by  the 
name  of  "  puddler's  mine,"  iron  scale  or  purple  ore,  or 
similar  material.  The  side  plates  are  also  fettled  or  covered 
with  a  lining  consisting  of  oxide  of  iron  or  of  roasted 
tap-cinder,  or  "  bull-dog,"  as  it  is  technically  called,  which 
is  rammed  well  in  imder  the  projecting  rib  of  brickwork 
or  fire-clay  slabs  covering  the  top  edge  of  the  side  plates. 
Much  importance  is  attached  to  the  fettling  being  fixed  as 
close  and  dense  as  possible  around  the  furnace  for  the  pro- 
duction of  a  cleaner  iron. 


Analyses  of  the  Materials  Employed  as  FsTTLmo  for  the 

Puddling  Furnace. 


Ferrous  oxide 

Ferric  oxide   . . 

Manganous  oxide 

Silicon 

Titanic  acid   . . 

Phosphoric  anhydride 

Carbonic  anhydride 

Sulphur 

Sulphuric  acid 

Iron  pyrites    . . 

Copper 

Lead  (as  sulphate) 

Lime    <  > 

Calcium 

Alumina 

Sodium 

Magnesia 

Lisoluble  residue 

Water  and  organic  matter 
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PurpU  ore. 

Pottery-mint. 
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A  good  fettling  should  melt  with  a  clear  face.  Should 
it  tend  to  crumble  away,  and  so  to  become  mechanically 
mixed  in  an  unfused  condition  with  the  metal  of  the  puddled 
ball,  it  will  be  exceedingly  difficult,  if  not  impossible,  to  expel 
it  during  the  hammering  or  rolUng  of  the  bloom  into  finished 
iron,  and  its  presence  will  produce  laminations  of  slag  in  the 
finished  bar.  Lime  is  sometimes  used  for  fettHng,  but  any- 
thing of  a  quartzose  or  siliceous  nature  is  to  be  avoided,  and 
good  materials  for  the  purpose  are  best  tap-cinder  obtained 
from  reheating  furnaces  working  with  cinder  bottoms  em- 
ployed in  heating  the  wrought-iron  piles  for  the  rolUng  mills, 
hsBmatite  ore  free  from  silica,  iron  scale,  purple  ore,  or 
similar  materials. 

The  puddHng  furnace,  when  maintained  in  regular  use, 
requires  rebuilding  after  about  six  months'  work. 

Working  a  Charge. — The  actual  manipulation  of  the 
charge  in  the  puddling  furnace  may  be  divided  into  four 
stages.  During  the  first  or  melting-down  stage,  occupying 
about  35  minutes,  the  iron  melts  and  a  large  proportion 
of  the  sihcon  is  oxidised.  In  the  second  stage,  a  comparatively 
low  temperature  is  maintained,  by  lowering  the  chimney 
damper ;  the  charge  requires  to  be  thoroughly  mixed  with 
the  slag  formed  during  melting  down  or  any  oxidising  materials 
added  to  the  furnace,  so  the  puddler  during  this  stage  draws 
down  the  metal  from  around  the  sides,  and  mixes  it  with  the 
more  fluid  metal  and  cinder  in  the  middle  of  the  hearth. 
During  the  third  stage  the  damper  is  raised,  the  temperature 
is  inc  eased  considerably,  and  violent  reaction  ensues,  marked 
by  the  copious  evolution  of  carbon-monoxide,  which,  escaping 
through  the  slag  on  the  surface  of  the  metal,  gives  rise  to 
the  appearance  of  boiHng.  In  this  stage  oxidation  is 
promoted  by  the  constant  stirring  or  rabbUng  which 
exposes  fresh  surfaces  of  the  metal  to  the  oxidising  influences  ; 
at  the  same  time  there  is  produced  a  fusible  slag  or 
cinder  consisting  of  silicates  of  iron,  but  containing  also 
excess  of  ferric  oxide,  phosphoric  anhydride,  earthy 
matters,  etc.  Near  the  end  of  this  stage  the  ebulUtion  gradu- 
ally subsides,  and  the  surface  of  the  charge ."  drops,"  as  it 
is  called,  and  the  whole  mass  lies  in  a  pasty  state  on  the  furnace 
bed,  where  it  is  worked  as  thoroughly  as  possible  by  the 
puddler,  so  as  to  allow  the  flame  to  play  uniformly  over  all  parts 


198  IRON. 

of  the  charge.  The  fourth  and  last,  or  balling  stage,  consists  in 
breaking  up  the  contents  of  the  furnace  into  some  half-dozen 
balls,  which  are  each  rolled  towards  the  fire-bridge  of  the 
furnace  to  receive  a  final  welding  heat  before  being  withdrawn 
to  the  steam  hammer,  helve,  or  squeezer  for  the  expulsion 
of  slag  and  the  production  of  puddled  bar.  During  the  four 
stages  mentioned  the  damper  is  raised  and  lowered  several 
times  to  regulate  the  heat,  and  to  adjust  the  amount  of  air 
passing  through  the  furnace. 

Supposing  the  furnace  hearth  to  be  hot  from  the  working 
o£E  of  a  previous  charge,  and  to  contain  some  of  the  rich  cinder 
produced  during  the  last  heat,  the  puddUng  or  pig-boiling 
process  is  begun  by  first  fettling  the  sides  of  the  furnace,  and 
then  introducing  about  4J  cwts.  of  pig-iron.  The  working 
door  is  lowered,  and  if  necessary  made  air-tight  by  luting. 
The  damper  is  raised,  the  fire-hole  opened,  and  more  coal 
added  to  the  grate.  The  fire  being  thus  made  up,  the  fire-hole 
is  again  stopped  by  lumps  of  coal  covered  over  with  coal 
slack  as  before,  and  after  an  interval  of  about  fifteen  minutes 
the  metal  begins  to  soften,  and  the  puddler  then  inserts  his 
rabble  or  bar  through  the  stopper  hole  in  the  lower  edge  of 
the  working  door,  turning  over  the  pigs  of  metal  so  as  to 
heat  them  and  the  hearth  bottom  more  imiformly ;  and  as 
the  metal  melts  he  also  draws  down  any  portions  of  unmelted 
metal  from  the  sides  towards  the  middle  of  the  hearth.  In 
from  thirty  to  thirty-five  minutes  from  the  start,  the  melting- 
down  stage  is  complete ;  then  the  damper  is  lowered,  and 
the  melted  or  pasty  metal  is  briskly  stirred  to  incorporate 
it  thoroughly  with  the  oxidising  cinder,  while  hammer-scale 
or  mill-cinder  may  be  added  to  increase  the  basicity  of  the  slags^ 
and  to  combine  with  the  siUca  produced  by  the  02ddation 
of  the  silicon  as  well  as  with  that  introduced  in  the  form  of 
sand,  which  always  adheres  more  or  less  to  the  pig-iron  as 
received  from  the  blast  furnace.  When  the  charge  has  thus 
become  covered  with  slag  or  cinder,  the  damper  is  again 
raised  and  the  temperature  thereby  increased,  so  that  in 
about  forty-five  minutes  from  the  start  the  metal  swells  and 
rises  rapidly,  at  the  same  time  appearing  to  boil,  due  to  the 
escape  of  carbon-monoidde  resulting  from  the  oxidation  of  the 
carbon  in  the  pig-iron  by  its  reaction  with  the  oxides  and 
silicates  of  iron  contained  in  the  basic  slag  covering  the  metal 
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in  the  furnace.  These  decompositions  are  promoted  during 
this  stage  by  the  vigorous  rabbUng  of  the  charge  by  the 
puddler.  He  constantly  moves  the  metal  from  the  centre  of 
the  hearth  towards  the  bridges,  whilst  at  the  same  time 
cleaning  well  around  the  sides  of  the  furnace. 

During  the  boiUng  period  the  escaping  carbon-monoxide 
(CO)  bums  at  the  surface  of  the  bath  with  its  character- 
istic blue  flame,  and  the  slag  swells  up  and  boils  over 
the  sill  of  the  door,  and  as  the  decarburisation  thus  proceeds 
the  mass  begins  to  stiffen,  the  boiling  decreases,  the  cinder 
gradually  falls  or  "  drops,"  and  the  metal  "  comes  to 
nature,"  a  condition  indicated  by  the  appearance  of 
malleable-iron  in  the  form  of  bright  points  or  specks 
on  the  surface  of  the  charge,  the  points  as  the  process 
proceeds  increasing  in  size  and  collecting  into  pasty  masses, 
when  the  contents  of  the  furnace  are  again  broken  up  and 
mixed  by  persistent  rabbhng,  and  any  pasty  lumps  observed 
to  be  slicking  to  the  furnace  sides  are  detached  and  drawn 
down  towards  the  centre  of  the  bed,  when  the  heat  is 
again  raised  somewhat,  so  as  to  thoroughly  Hquefy  the 
slags  or  cinder,  and  so  promote  their  separation  from  the 
metal. 

The  last,  or  baUing  stage,  then  ensues,  during  which  the 
workman  detaches  a  portion  of  the  pasty  metal  and  rolls  it' 
over  the  surface  of  the  furnace  bed  until  it  forms  a  ball 
weighing  from  60  lbs.  to  80  lbs.,  having  sufficient  cohesion 
to  bear  removal  from  the  furnace.  Each  ball  is  rolled 
towards  the  fire-bridge,  where  it  lies  as  Httle  exposed 
as  possible  to  the  oxidising  current  of  atmospheric 
air  passing  between  the  working  door  and  the  chimney. 
After  the  whole  charge  has  been  thus  collected  into 
about  six  balls,  a  final  heat  is  given,  after  which  the 
balls  are  withdrawn  with  tongs,  and  dragged  on  to  a 
two-wheeled  bogie  or  truck,  which  then  is  wheeled  to  the 
hammer,  squeezer,  or  other  shingling  apparatus.  The  metal 
is  here  welded  together  into  a  comparatively  solid  mass, 
much  slag  and  cinder  being  expelled.  During  the  withdrawal 
of  the  balls  the  damper  is  lowered  somewhat,  so  that  a  smoky, 
non-oxidising  flame  is  maintained  within  the  furnace,  and 
the  metal  suffers  but  little^  therefore,  from  oxidation  and 
waste  during  this  operation ;  but  if  the  puddled  balls  remain 
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too  long  in  the  furnace  the  quality  of  the  metal  is  greatly 
impaired. 

The  pigs  of  iron  are  charged  and  piled  near  the  fire-bridge 
of  the  furnace,  and  as  the  temperature  rises  they  are  drawn 
down  by  the  workman  to  the  centre  of  the  hearth,  and  there 
forced  beneath  the  surface  of  the  fluid  slag ;  the  iron  sinks 
down,  forming  a  fluid  bath  beneath  the  molten  cinder,  which 
protects  it  from  the  direct  action  of  the  air,  unless  to  bring 
fresh  portions  under  the  oxidising  influence,  and  the  oxidation 
is  therefore  brought  about  indirectly  by  the  action  of  the 
oxygen  in  the  slag  which  is  continually  rabbled  into  the 
molten  metal. 

Upon  a  new  furnace  bottom  the  first  charge  is  made  up 
chiefly  of  scrap-iron  or  waste-blooms  and  refined  metal,  so 
that  by  working  this  at  a  high  temperature  the  bottom  becomes 
consolidated  and  coated  with  a  layer  of  slag  consisting  largely 
of  iron  oxide,  which  is  but  little  acted  upon  by  the  silicon  of 
the  pig-iron  subsequently  introduced.  If  grey  pig-iron 
containing  much  silicon  be  introduced  on  to  a  new  bottom 
as  a  first  charge,  the  silica  resulting  from  its  oxidation  acts 
rapidly  upon  and  unduly  destroys  the  bottom. 

The  puddler's  tools  consist  only  of  a  long,  straight  chiselled- 
edged  bar  called  a  "  paddle,"  and  a  hooked  flat-ended  bar 
known  as  the  "  rabble,"  and  as  these  become  very  hot,  each 
one  as  it  is  taken  from  the  furnace  is  cooled  by  being  plunged 
into  water,  and  a  second  one  is  taken  into  use. 

Pig-iron  for  Puddling. — ^Whilst  almost  any  variety  of 
iron  could  be  puddled,  that  selected,  where  there  is  free 
choice,  is  a  grey  iron,  almost  No.  4,  preferably  showing  a 
rose — that  is,  a  small  portion  more  coarsely  crystallised — in 
the  centre  of  the  fracture.  Such  an  iron  will  contain  about 
1  to  1*5  per  cent,  of  silicon. 

High  silicon  is  objectionable  for  several  reasons  : — (1)  It 
entails  considerable  waste,  as  the  silica  formed  will  combine 
with  oxide  of  iron  to  form  silicate.  (2)  It  unduly  prolongs 
the  process.  (3)  The  slag  formed  when  the  iron  is  melted 
down  is  siliceous,  and  therefore  remains  pasty  at  the  tem- 
perature of  the  furnace.  It  may  even  remain  pasty  to  the 
end,  when  it  will  not  be  easily  removed  by  shingling,  and 
the  quality  of  the  iron  will  be  injured.  When  the  slag  is  not 
sufficiently  fusible,  the  workman  says  the  charge  is  "  cold." 


PUDDLING,  201 

This  may  be  remedied  to  gome  extent  by  the  addition  of  oxides 
oi  iron. 

If  the  silicon  is  too  low,  the  slag  will  contain  an  excess 
of  difficultly  fusible  oxide  of  iron,  or  will  be  dry,  and  the  iron 
will  probably  be  white,  and  so  unsuitable  for  "  wet "  pud- 
dling. Phosphorus  is  an  objectionable  constituent.  About 
80  per  cent,  of  the  phosphorus  present  is  removed,  and  the  pig- 
iron  should  not  contain  more  than  '9,  or  at  most  1  per  cent. 
of  phosphorus. 

Slags  Produced. — Tap-cinder  is  the  slag  produced  during 
the  puddling  process.  It  is  tapped  out  into  wrought-iron 
waggons  after  the  withdrawal  of  the  last  ball  of  every  second 
heat,  or  it  juns  over  the  sill  into  the  bogies,  in  which  case  it 
is  usually  called  puddlers'  cinder.  In  Scotland  the  slag  is 
not  tapped  out  except  when  the  furnace  is  required  empty 
for  repairs.  During  the  boil  a  large  quantity  boils  over 
the  sill,  and  the  remainder  is  left  in  the  furnace.  When 
scrap-iron  is  "  balled  "  the  slag  is  nearly  pure  black  oxide 
of  iron.  The  scrap  is,  of  course,  not  melted,  but  is  welded 
together  at  a  high  temperature. 

In  "puddling"  the  oxidation  is  effected  not  directly  by 
the  air  but  mainly  by^  oxide  of  iron  contained  in  the  slag  and 
to  some  extent  by  the  oxidised  materials  used  in  the  fettling  of 
the  furnace.  During  the  earher  or  melting-down  stage,  in 
which  the  silicon  of  the  pig-iron  is  being  oxidised,  and  the  cinder 
produced  is  siliceous  and  contains  very  little  free  oxide  of  iron, 
there  is  very  little  removal  of  carbon  ;  but  as  the  process  pro- 
ceeds, and  the  proportion  of  silicon  in  the  pig-iron  becomes 
largely  decreased,  and  enough  iron  has  passed  into  the  slag 
to  make  it  basic,  the  reaction  between  the  cinder  or  slag  and 
the  combined  carbon  of  the  metal  increases  in  activity,  and 
there  is  the  copious  evolution  of  carbon-monoxide  and  a 
corresponding  decarburisation  of  the  metal,  and  at  the  same 
time  a  reduction  of  iron  from  the  slag  or  cinder. 

Stdphur  is  but  imperfectly  eliminated  from  the  charge  in 
puddling ;  some  of  it  passes  into  the  slag  (tap-cinder),  where 
it  probably  occurs  as  a  sulphide  of  iron  ;  but  the  elimination  of 
sulphur,  as  far  as  it  goes,  appears  to  proceed  somewhat  steadily 
from  the  beginning  to  the  end  of  the  puddling  process.  The 
conditions  favourable  to  the  eUmination  of  sulphur  from  the 
malleable -iron  are  :  (a)  regularity  of  working  ;  (6)  the  presence 
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of  a  good  basic  slag  or  cinder,  produced  by  the  addition  of  a 
fettling  rich  in  oxide  of  iron,  oxide  of  manganese,  lime,  etc. ; 
(o)  sufficiently  lengthy  contact  of  the  iron  with  the  cinder 
before  the  beginning  of  the  boil,  and  hence  any  delay  in  the 
process  tends  to  the  removal  of  a  larger  proportion  of 
sulphur,  as  also  of  phosphorus. 

The  eUmination  of  phosphorus  is  likewise  imperfect. 
About  80  per  cent,  of  the  phosphorus  in  the  pig-iron  passes 
out  during  puddling,  and  the  tap-cinder  produced  at  the 
same  time  always  contains  a  considerable  amount  of  phos- 
phoric anhydride  (Pg  Og)  {see  analyses,  p.  203). 

Manganese,  when  present  in  considerable  proportion, 
delays  the  fining  of  the  pig-iron  as  it  oxidises  to  a  large 
extent  before  the  iron ;  it  also  promotes  the  better 
elimination  of  sulphur  from  the  puddled  product.  The 
manganese  is  to  a  large  extent  oxidised  early  in  the 
process. 

Time,  etc.,  of  Working. — ^A  "  heat "  is  the  time  occupied 
between  charging  the  pig-iron  and  drawing  the  last  ball  of 
malleable-iron  from  the  furnace,  and  is  generally  about  1 J 
to  2J  hours,  the  time  being  longer  or  shorter  according  to  the 
purity  of  the  original  pig-iron. 

The  loss  in  the  puddhng  process  varies  according  to  the 
purity  of  the  pig-iron,  for  since  foreign  ingredients  are  more 
or  less  completely  removed  during  the  process,  it  follows 
that  the  greater  the  impurity  of  the  iron  the  greater  will 
be  the  loss,  but  much  depends  on  the  skill  of  the  workman. 
The  loss  in  Staffordshire  is  from  7  to  10  per  cent,  and  in  Scot* 
land  somewhat  more.  The  loss  is  less  than  that  calculated 
from  the  impurities  removed,  as  some  iron  is  always  reduced 
from  the  fettling  of  the  furnace  or  from  oxides  added. 

Fuel  consumption  per  ton  of  puddled  bars  produced  is 
about  1  ton  both  in  Staffordshire  and  Belgium  ;  about  25  cwts. 
or  26  cwts.  in  Scotland  ;  from  24  cwts.  to  27  cwts.  in  the 
Cleveland  district ;  and  about  30  cwts.  at  Bowlings  Famley, 
and  Low  Moor  in  Yorkshire. 

The  fettling  used  during  one  shift  (the  charge  is  4  cwts. 
to  4J  cwts.)  is  from  6  cwts.  to  7  cwts.  of  "  bull-dog  "  and 
2  cwts.  to  3  cwts.  of  "  blue  billy,"  in  Staffordshire. 

The  tap-cinder,  or  slag  produced  during  the  puddUng 
process,  is  a  highly  basic  silicate  varying  in  composition  at 
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various  stages  of  the  process,  but  always  containing  ferrous 
and  ferric  oxide,  with,  manganous  oxide,  alumina,  lime, 
magnesia,  ferrous  sulphide,  phosphoric  anhydride,  and  prob- 
ably some  phosphide  of  iron.  It  often  yields  from  45  to 
55  per  cent,  of  metallic  iron,  existing  principally  in  the  form 
of  ferrous  and  ferric  oxides.  The  basicity  of  the  cinder  is 
greatest  towards  the  end  of  the  process  as  the  metal  *'  comes 
to  nature,"  since  then  the  oxidation  of  silicon  has  been  prac- 
tically completed,  whilst  owing  to  the  high  temperature  still 
prevailing  within  the  furnace  the  oxidation  or  waste  of  iron 
continues.  The  cinder  expelled  during  the  shingling  of  the 
puddled  ball  is  almost  invariably  richer  in  siHcon  and  phos- 
phorus, but  poorer  in  iron,  than  that  left  on  the  bed  when  the 
balls  are  withdrawn  from  the  furnace.  During  the  melting- 
down  stage  of  the  puddling  process,  the  cinder  is  the  most 
siliceous,  as  is  shown  by  the  accompanying  analyses,  for 
during  this  stage  the  silicon  of  the  pig-iron  is  being  rapidly 
oxidised  by  the  oxygen  of  the  atmospheric  air ;  also  the  silica 
in  the  form  of  sand  attached  mechanically  to  the  pigs  of 
cast-iron  likewise  passes  at  this  stage  into  the  slags,  in  com- 
bination with  02dde  of  iron,  etc. 

The  following  are  analyses  of  tap-cinder  taken  at  various 
periods  of  the  puddling  process  in  an  Upper  Silesian  works, 
working  upon  a  charge  weighing  4^  cwts.  of  a  mixture  made 
in  the  proportion  of  24  cwts.  of  haematite  pig  to  20  cwts.  of 
white  iron : — 

Analyses  op  Tap-cindee. 


A 

B 

0 

D 

Silica                

1713 

21-91 

19*45 

16-29 

Ferrous  oxide  . . 

5906 

46-76 

4804 

51-62 

Ferric  oxide     . . 

9-81 

12-36 

13-48 

19-32 

Manganous  oxide 

9-35 

16-87 

14-40 

8-46- 

Alumina 

0-35 

0-30 

0-34 

0-38 

lime 

0-69 

0-43 

0-62 

0-61 

Phosphoric  anhydride 

3-40 
52-80 

310 
4502 

417 

3-78 

Iron 

46-79 

53-67 

A. — After  complete  fusion  of  charge.  B. — Before  end  of  refining. 
G. — ^At  "coming  to  nature*'  of  first  ball.  D. — Slag  fiom  hammer 
during  shingling  of  first  ball. 
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Analyses  op  Staffordshire  Tap-cinder. 


A 

B 

C 

Silica 

7-71 

23-86 

1108 

Ferrous  oxide 

66-32 

39-83 

63  00 

Ferric  oxide 

8-27 

23-75 

1714 

Manganous  oxide 

1-29 

6-17 

— 

Alumina 

1-63 

0-91 

Lime            

3-91 

0-28 

Magnesia     . . 

0-34 

0-24 

Ferrous  sulphide   . . 

0-62 

— 

Sulphur 

1-78 

— 

0-48 

Phosphoric  anhydride 

807 

6-42 

8-20 

Titanic  acid 

— 

1 

Metallic  iron 

•                   •  • 

57-37 

47-60 

— 

A. — Cinder  from  boiling  of  white  iron  (Riley).  B. — StafEordshiie 
cinder  (Percy).     C. — Cinder  from  pig-boiling. 

Modifications  of  the  Process.— Double  puddling  furnaces 
manipulated  by  two  sets  of  men  have  two  working  doors, 
one  on  each  side,  through  which  the  metal  is  simultaneously 
worked  by  the  puddlers.  The  metal  produced  by  them  is 
not  likely  to  be  of  such  good  quality  as  that  produced  in  the 
smaller  single  furnaces,  owing  to  the  difference  in  skill 
between  the  workmen  on  the  two  sides,  the  furnace  working 
hoFtter  on  one  side  than  the  other,  the  longer  time  that  the 
charge  is  within  the  furnace,  and  the  increased  volume  of 
air  passing  through.  But  owing  to  larger  charges,  amounting 
to  from  10  cwts.  to  15  cwts.  per  heat,  as  against  the  4  cwts. 
or  4J  cwts.  worked  in  the  single  furnaces,  they  have  a 
larger  output  and  a  greater  economy  in  fuel  and  fettling. 

It  is  the  practice  in  some  works  to  add  small  quantities 
of  Cumberland  red  hsematite  (consisting  largely  of  ferric 
oxide)  to  promote  the  reactions  of  the  boiUng  process. 
Scrap-iron  added  towards  the  end  of  the  boihng  process  is 
also  considered,  under  favourable  circumstances,  to  improve 
the  product.  Gas  furnaces  have  been  tried  for  puddling, 
but  have  never  come  into  extensive  use.  The  higher  tem- 
perature obtainable  by  the  gas  furnace  is  no  advantage — 
rather  the  reverse — in  puddling.  When  used  as  a  rule  the  pro- 
ducer is  attached  to  the  furnace,  and  no  regenerators  are  used. 

What  is  known  as  Parry's  process  of  double  or  treble 
puddUng  consists  in  taking  iron  which  has  been  once  puddled 
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according  to  the  ordinary  practice,  such  as  ordinary  scrap 
iron,  etc.,  and  reconverting  it  into  a  kind  of  pig-iron,  by 
melting  in  a  cupola  with  coke,  and  this  is  then  again  sub- 
jected to  the  puddling  operations.  This  process  is  not  now 
used,  its  only  advantage  being  that  it  allowed  the  use  of 
irons  higher  in  phosphorus  than  could  be  used  for  the  produc- 
tion of  malleable-iron  by  one  puddling. 

Various  mechanical  rabbles  have  been  proposed  to  aid 
or  supersede  the  very  exhausting  manual  labour  required 
from  the  puddler ;  but  these  appliances  are  not  applicable 
to  the  balling-up  of  the  charge,  which  has  still  to  be  done 
by  the  fore-hand  at  the  furnace,  and  the  weight  of  the  charge 
is  accordingly  still  limited  by  the  power  of  the  workman 
to  ball  it  up.  Mechanical  rabbles  have  not,  therefore,  come 
into  general  use,  although  they  enable  the  puddler  to  work 
somewhat  larger  heats,  and  occasionally  to  effect  a  slight 
economy  in  the  working. 

Eevolving  furnaces  were  also  introduced  to  relieve  the 
puddler  of  a  part  of  his  very  arduous  labour.  In  these  the 
hearth  consists  of  a  revolving  cylinder  rotated  by  steam 
power.  They  were  expected  to  produce  malleable-iron  more 
economically  and  of  greater  homogeneity  than  by  the  older 
fixed  furnaces,  but  these  expectations  have  not  been  fully 
realised.  The  introduction  of  revolving  furnaces  appears 
to  date  from  the  Messrs.  Walker  and  Warren's  furnace  of 
1853.  Among  the  more  or  less  successful  forms  of 
revolving  hearth  of  more  recent  date  are  those  of  Danks, 
introduced  in  1869,  of  Sellers  and  Siemens,  each  in  1871, 
and  of  Crampton,  in  1872  and  1873.  In  these  furnaces  the 
hearth  revolves  in  a  vertical  plane,  whilst  in  others,  as  in 
those  of  Pernot,  Godfrey  and  Howson,  etc.,  it  rotates  in  a 
plane  either  horizontal  or  only  slightly  inclined  to  the  horizontal. 

Waste  Heat. — The  puddling  furnace  is  very  wasteful  of 
heat  as  owing  to  the  short  hearth  the  products  of  combustion 
leave  the  furnace  at  a  very  high  temperature.  In  modern 
works  these  gases  are  passed  through  the  flues  of  steam 
boilers,  and  thus  enough  steam  is  raised  to  supply  the  needs 
of  the  works.  The  boilers  are  of  the  usual  Lancashire  t)rpe, 
and  may  be  placed  either  at  the  end  of  or  above  the  furnace. 
The  latter  is  the  more  usual  position,  and  one  boiler  is  heated 
by  the  waste  heat  from  two  adjacent  furnaces 
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CHAPTER    XVII. 

REFININQ  PIG-IRON  AND  DRY  PUDDLING. 

Pig-iron  that  is  to  be  made  into  malleable-iron  by  the  process 
of  dry  puddling,  as  distinguished  from  wet  puddling  or  "  pig 
boiling,"  has  first  to  be  refined  into  a  partly  decarburised  and 
desilicised  white  or  refined  iron.  In  all  puddling  processes, 
pig-iron  is  converted  to  malleable  iron  by  oxidation ;  but  in 
dry  puddling  this  oxidation  is  almost  entirely  dependent 
upon  the  action  of  the  atmospheric  oxygen^  whereas  in 
the  "wet"  process,  the  slags  are  rich  in  iron  oxides  which 
exert  an  oxidising  action.  Dry  puddhng  is  applicable  only 
to  the  working  of  white  iron  because  this  in  passing  from  the 
solid  to  the  liquid  state  assumes  a  soft  pasty  condition  highly 
favourable  to  oxidation  by  the  oxygen  of  the  air.  White  iron 
from  the  blast  furnace  is  rarely  used,  because  it  is  liable 
to  contain  a  considerable  quantity  of  sulphur. 

The  refining  of  pig-iron  now  under  consideration  is,  there- 
fore, only  preliminary  to  the  puddling  of  the  metal  in  the 
reverberatory  furnace.  It  consists  in  melting  pig-iron,  and 
directing  upon  its  surface  a  blast  of  atmospheric  air  from 
several  inclined  tuyeres,  whereby  the  silicon  in  the  pig-iron 
is  largely  oxidised.  The  silica  unites  with  ferrous  oxide 
to  yield  a  highly  basic  slag  of  ferrous  silicate  containing 
also  some  of  the  phosphorus  and  sulphur  present  in  the 
original  pig-iron.  The  iron  is  now  a  white  or  partially  purified 
refined  metal,  capable  of  being  more  readily  and  quickly 
converted  into  malleable-iron  in  the  puddling  furnace,  owing 
to  its  decreased  fluidity,  and  its  greater  purity.  The  refined 
metal  may  be  run  directly  from  the  refinery  to  the  puddling 
furnace,  but  it  is  more  usual  to  cast  it  into  forms  easily  broken 
up  into  pieces  suitable  for  introduction  into  the  furnace. 
It  must  be  understood  that  whilst  the  object  of  the  Swedish 
and  German  fineries  already  described  was  the  production 
of  malleable-iron  direct,  the  product  of  the  English  refinery 
iiow  being  considered  is  only  the  production  of  a  white  iron 
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which  must  be  treated  in  the  puddUng  furnace  before  it 
becomes  msUeable-iron. 

The  Pinery. — The   English  refinery  or  nmning-out  fire 
72   and   73)   consists   of  a   strong   cast-iron   frame- 


Vig.  72. — Befinerjr  for  Convertiag  Grej  into  White  Iron   EleTMion. 


Fiy.78.— Plan  of  the  Refinery  and  of  the  Monld  for  the  Refined  Metal. 

work,  aurmounted  by  a  low  brick  chimney  or  stack 
from  16  ft.  to  18  ft.  high.  The  hearth  is  about  4  ft. 
square  and  from  15  in.  to  18  in.  deep,  bounded  on 
two    sides   and  at    the   back   by  cagt-irop   water    blocks, 
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a,  a,  through  which  blocks  water  circulates.  The  front 
side  of  the  hearth  is  closed  by  a  cast-iron  dam-plate,  con- 
taining the  tap-hole  from  which  the  metal  and  slag  flow 
into  the  casting-pit  or  pig-mould  6,  about  12  in.  wide  and 
14  ft.  to  16  ft.  long.  This  pig-mould  is  in  front  of  the  refinery, 
and  rests  longitudinally  upon  the  edges  of  two  long  cast-iron 
or  brickwork  cisterns,  through  .which  water  flows  to  assist 
the  cooling  of  the  refined  metal,  both  by  cooling  the  mould 
and  by  supplying  the  water  which  is  thrown  over  the  surface 
of  the  heated  metal  in  the  mould.  The  water  in  these  cisterns 
is  maintained  at  a  level  of  about  1  in.  below  the  underside 
of  the  pig-bed  or  mould.  To  facilitate  still  further  the  breaking 
up  of  the  plate  of  metal,  there  may  be  a  projecting  rib  in  the 
bottom  of  the  mould  to  produce  a  groove  and  line  of  weakness 
in  the  casting.  The  bottom  of  the  hearth  is  formed  of  blocks 
of  dressed  sandstone  about  12  in.  thick,  resting  upon  brick- 
work or  masonry.  Above  the  side  water  blocks  and 
carried  upon  lugs,  are  the  cast-iron  tuyere  plates  2^  in;  thick, 
containing  openings  for  the  introduction  of  the  two  or  three 
blast  nozzles  or  tuyeres  upon  each  side  of  the  hearth.  The 
water  tuyeres  are  usually  from  IJ  in.  to  If  in.  in  diameter, 
and  are  inclined  downwards  at  an  angle  of  from  30°  to  35°, 
The  blast  is  supplied  at  a  pressure  of  from  2  lbs.  to  3  lbs.  per 
sq.  in.,  according  to  the  nature  of  the  coke  employed ;  and 
the  tuyeres  are  arranged  so  that  they  direct  their  blast  towards 
the  space  between  the  two  tuyeres  on  the  opposite  side, 
thereby  distributing  the  blast  more  uniformly  over  the  surface 
of  the  molten  metal ;  each  nozzle  has  a  regulating  valve  for 
adjusting  the  supply  of  blast  from  each  tuyere  during  the 
working  of  the  charge,  w  w  are  water  troughs  or  boshes  into 
which  the  waste  water  from  the  tuyeres  is  delivered,  and  in 
which  the  workman  cools  his  tools  during  the  working  of  the 
charge.  The  back  of  the  furnace  between  the  base  of  the 
stack  and  the  water  blocks  is  closed  by  wrought  or  cast-iron 
doors  hung  to  the  side  frames,  and  the  front  above  the  dam- 
plate  is  also  closed  by  a  sliding  door,  connected  with  a  lever 
by  which  it  can  be  readily  raised  or  lowered.  A  dust-plate 
is  also  usually  fixed  on  the  dam-plate  to  facilitate  the  filling 
and  working  of  the  fire. 

In  the  Yorkshire  refineries  two  tuyeres  only  are  employed, 
both  on  the  same  side  of  the  hearth.     The  hearth  is  4  ft.|  by 
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3  ft.  4  in.,  and  is  1  It.  6  in.  deep  ;  it  is  surrounded  by  water 
cooled  blocks,  and  the  refined  metal  is  cast  in  sand  moulds 
into  cakes  about  3  in.  thick.  In  some  of  the  smaller  refineries 
only  one  blast  nozzle  is  used,  it  being  introduced  at  the  back 
of  the  furnace. 

When  the  charge  is  made  up  of  selected  pig-iron,  old  cast- 
ings and  other  scrap,  etc.,  the  refinery  is  distinguished  by  the 
term  "  melting-down  "  ;  and  when  the  molten  pig-iron  is  run 
direct  from  the  blast  furnace  into  the  refinery  as  "  running-in." 

The  refinery  works  continuously — that  is  the  hot  hearth 
after  tapping  out  a  charge  is  immediately  prepared  for  the 
next.  When  starting  a  new  hearth  or  after  a  stoppage, 
some  broken  sandstone  is  spread  over  the  floor  and  a 
fire  made  in  the  centre ;  coke  is  added  through  the  folding 
doors  at  the  back  of  the  furnace,  and  a  light  blast  is  turned 
on  ;  then  the  charge  of  pig-iron,  scrap,  and  coke  is  introduced 
by  piling  on  the  materials  in  alternate  layers,  imtil  the  whole 
charge,  averaging  about  2  tons  of  metal  in  the  larger  furnaces, 
has  been  made  up,  when  more  fuel  is  added  to  the  top  of  the 
pile,  and  the  full  blast  turned  on.  Such  a  charge  requires 
about  6  cwts.  of  coke  for  its  refining,  and  the  process  occupies 
from  three  to  four  hours,  grey  iron  taking  slightly  longer 
than  white  iron.  The  refining  is  accelerated  by  adding  basic 
slags,  cinders,  hammer-scale,  etc.,  which  act  as  oxidising  agents 
and  slightly  increase  the  total  yield  of  iron,  since  the  carbon 
of  the  pig-iron  is  partially  oxidised  by  the  oxygen  of  the  oxides 
of  iron  present  in  the  scale  or  cinder,  and  an  equivalent  amount 
ol  iron  is  at  the  same  time  reduced  and  added  to  the  yield. 

The  first  efEect  of  the  heat  in  the  newly-erected  or  repaired 
refinery  is  to  soften  the  sandstone  and  glaze  the  surface  of 
the  hearth.  The  pig-iron  of  the  charge  begins  to  melt 
after  about  one  hour,  and  the  iron  trickles  down  through  the 
mass  of  coke  on  to  the  bottom  of  the  furnace,  where,  in  from 
90  to  120  minutes,  the  whole  of  the  charge  collects,  and  so  lies 
fused  beneath  the  coke.  More  coke  is  now  added,  and  the 
blast  is  continued  for  another  half-hour  or  a  little  more, 
during  which  time  more  silicon  from  the  pig-iron  is  oxidised, 
producing  silica,  which,  together  with  an  additional  amount  of 
silica  derived  from  the  ash,  etc.,  of  the  fuel,  combines  with 
the  ferrous  oxide  (part  of  the  iron  oxidised  by  the  blast)  to 
produce  a  highly  basic  and  readily   fusible  slag   or   cinder 
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approaching  to  monosilicate  of  the  formula  of  a  2FeO  Si02 
=  FegSiO^,  containing  from  40  to  60  per  cent,  of  iron, 
and  presents  when  cold  the  very  dark-blue  or  black  colour 
and  the  vitreous,  lustrous  fracture  of  usual  cinders  rich  in 
iron.  Such  a  slag  has  a  powerful  oxidising  influence  upon 
the  molten  metal  beneath  it,  and  thus  under  the  joint  in- 
fluence of  slag  and  blast,  the  silicon  with  smaller  quantities  of 
carbon,  sulphur,  and  phosphorus  and  the  greater  portion 
of  the  manganese  present  in  the  original  pig-iron  are  oxidised, 
as  indicated  by  analyses  below  of  the  original  pig-iron,  and 
of  the  refined  metal  obtained  therefrom.  More  fuel  is  added 
until  the  desired  degree  of  fining  has  been  effected. 

Analysbs  of  Refinery  Cinder  or  Slao. 


Dowlais  (Ri^ey). 


Ordinary 
cinder. 


Ferrous  oxide 
Silica    . . 

Manganous  oxide 
Alumina 
Lime    . . 
Magnesia 
Sulphur 

Ferrous  sulphide 
Phosphorus     . . 
CJopper 

Percentage  of  iron 


Crystallised 
cinder. 


BrQV\ford 

CryatalliMd 

cinder. 

iForbes). 


Analyses  of  Refined  Iron. 


Carbon     . . 
Silicon 
Sulphur    . . 
Phosphorus 
Manganese 
Insoluble  matter 

Iron 


Graphite 


Kbhw  Vale  (Noad). 


Pig-iron. 


2-40 
2-54 
0  22 
0  13 

0-86 


Refined 
iron. 

0-30 
032 
018 
009 
0-24 


Bromford 
(Dick). 


France  (Regnault). 


Refined    \  pig.iron. 
iron.  *' 


Refined 
iron. 


307 

300 

1-7 

0-63 

4-50 

0-6 

016 

— . 

0-73 

0-2 

— 

trace 

— 

014 

— 

""" 

9514 

92-3 

97-8 
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When  the  refining  has  been  carried  far  enough  the  slag 
and  metal  together  are  tapped  out  into  the  cast-iron  mould, 
h  (Fig.  73).  The  slag  (see  the  analyses  above)  floats  on  the 
metal,  and  remains  fluid  after  the  surface  of  the  metal  has 
become  partially  solidified ;  thus  the  slag  can  be  tapped  off 
into  moulds  placed  at  the  lower  end  of  the  mould,  6,  while 
the  plate  of  refined  metal  is  the  more  rapidly  cooled,  and 
rendered  also  more  or  less  hard  and  brittle  by  throwing  a 
quantity  of  water  over  its  surface. 

The  plate  of  fine  metal,  refined  iron,  plate  metal,  or  simply 
"  metal,"  as  the  product  of  the  refinery  is  variously  called,  is 
from  1  in.  to  3  in.  thick,  12  in.  wide,  and  from  12  ft.  to  14  ft. 
long.  It  is  grooved  along  its  under  side,  and  being  brittle,  can 
be  easily  broken  up  into  pieces  suitable  for  ready  transport  to 
the  puddling  furnace,  where  it  is  converted  into  malleable-iron. 
The  metal  presents  a  bright  silvery-white  fracture,  the 
lower  part  of  the  slab  affording  a  compact  radiated  or  columnar 
structure,  while  the  upper  portion  presents  a  dull  and  cellular 
appearance  on  fracture. 

In  this  process  of  refining  pig-iron,  the  loss  of  iron  is 
somewhat  greater  and  the  consumption  of  fuel  is  about  20 
per  cent,  in  excess  of  what  is  required  when  the  metal  is 
taken  in  the  fluid  state  direct  from  the  blast  furnace ;  but 
the  average  loss  may  be  taken  as  equal  to  10  or  11  per  cent, 
of  the  weight  of  the  pig-iron  operated  upon.  The  loss  is 
greater  in  refining  hot-blast  than  it  is  with  cold -blast  pig-iron, 
because  the  former  contains  a  larger  proportion  of  silicon, 
phosphorus,  sulphur,  manganese,  etc. 

In  the  ordinary  melting-down  process  about  24  cwts. 
of  good  grey  iron  yield  1  ton  of  refined  metal,  the  fuel  con- 
sumption being  about  2J  cwts.  of  coke  ;  and  about  136,000 
cub.  ft.  of  blast  per  ton  will  be  required  for  white  iron,  or 
153,000  cub.  ft.  for  grey  iron.  The  weekly  produce  of  a 
refinery  with  six  tuyeres  working  upon  grey  iron  ranges  from 
80  to  100  tons,  and  with  white  iron  150  to  160  tons.  By 
running  the  fluid  metal  direct  from  the  blast  furnace  into  the 
refinery,  about  22*3  cwts.  of  common  forge,  or  21*1  cwts.  of 
good  grey  iron,  will  yield  one  ton  of  refined  metal,  the  coke 
consumption  being  only  about  2  cwts. ;  it  will  require  only 
94,000  cub.  ft.  of  blast  per  ton  of  metal  treated. 

Dry  Puddliiig. — The  furnace  employed  in  dry  puddling  is 
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little  smaller  than  that  used  in  the  boiling  process,  and  there 
is  no  tap-cinder  or  iron  ore  in  the  fettling  or  lining  of  the 
hearth.  Formerly  the  bottom  of  the  furnace  was  made  simply 
by  covering  the  iron  plates  with  a  layer  of  sand,  which  was  then 
thinly  glazed  over  with  slag ;  but  now  the  furnace  bottom 
is  lined  with  a  1  in.  or  1^  in.  thickness  of  oxide  of  iron,  formed 
by  working  a  ball  of  scrap-iron  in  the  strongly  oxidising 
atmosphere  of  the  furnace,  the  oxide  of  iron  formed  being 
spread  evenly  over  the  bottom  whilst  the  furnace  is  still  at 
a  high  temperature. 

The  charge  of  white  or  refined  iron  is  placed  around  the 
sides  of  the  furnace  bed,  leaving  the  centre  empty  until  the 
metal  begins  to  soften ;  then  the  damper  is  lowered  to  prgT 
vent  the  metal  from  becoming  perfectly  fluid.  In  its  pasty 
condition  the  charge  is  drawn  down  into  the  centre  of  tlie 
hearth,  where  it  is  broken  up  and  rabbled,  so  as  to  mix  it 
with  the  oxide  of  iron  already  produced  by  the  oxidation  of 
the  pasty  iron,  and  with  that  now  added  to  the  charge  in  the 
form  of  hammer-scale.  The  rabbUng  continues  from  the  running- 
down  to  the  balUng-up  of  the  charge ;  a  vigorous  reaction 
ensues,  the  carbon  and  impurities  becoming  oxidised ;  in  conse- 
quence carbonic  oxide,  escapes,  whilst  the  other  impurities  of 
the  pig-iron  are  oxidised  and  largely  enter  the  tap-cinder. 

The  progress  of  the  decarburisation,  "  coming  to  nature  " 
or  "  drying "  of  the  charge,  is  indicated  by  the  decreased 
fusibility  of  the  metal,  and  other  indications  similar  to  those 
described  under  pig-boiUng  present  themselves.  This  stage 
having  been  carried  to  the  required  degree,  the  damper  is 
raised,  and  a  higher  temperature  produced  for  the  balUng-up 
of  the  metal. 

Owing  to  the  smaller  quantity  of  silicon  and  other  im- 
purities in  the  refined  iron  treated  in  dry  puddHng,  the  dura- 
tion of  the  process  is  shorter  than  in  pig-boiHng,  and  the 
production  of  slag  and  the  fuel  consumption  are  less,  and  the 
oxidation  is  largely  brought  about  directly  by  the  air.  Dry 
puddling  is  only  economical  in  fuel  so  long  as  white  or  refined 
iron  can  be  used,  and  the  process  is  attended  by  a  greater 
waste  of  iron  than  occurs  in  pig-boiUng ;  whilst  unless  com- 
paratively pure  ores  have  been  employed  in  the  production 
of  the  pig-iron  to  be  treated,  the  malleable -iron  resulting 
from- this  process  is  also  inferior  in  quaUty. 
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Best  Yorkshire  Iron. — Dry  puddling  and  its  preliminary 
refining  are  now  almost  abandoned  in  this  country,  except 
for  the  manufacture  of  best  Yorkshire  iron,  for  which  they 
are  still  in  use.  Best  Yorkshire  iron  is  "prepared  from  pig- 
iron  made  in  furnaces  supplied  with  a  cold  blast  (cold-blast 
iron).  This  is  then  refined  in  a  hearth,  and  the  refined  metal 
is  then  puddled.  The  puddKng  furnace  is  small^  the  charges 
worked  being  about  3  cwts.,  and  the  time  occupied  is  about  one 
hour.  The  furnace"  is  provided  with  a  small  chamber  under 
the  chimney  (the  dandy),  in  which  the  iron  is  heated  before 
it  is  passed  on  to  the  hearth  of  the  furnace  for  puddling. 

The  high  quality  of  best  Yorkshire  iron  does  not  depend 
on  the  materials  employed  or  the  process  used,  so  much  as  on 
the  extreme  care  which  is  taken  at  every  stage  that  no  im- 
perfect material  shall  pass.  As  this  iron  is  about  twice 
the  price  of  ordinary  bar  iron  the  makers  can  afford  to  take 
special  care  in  the  manufacture. 
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CHAPTER     XVIII. 

FORQE   MACHINERY; 

The  term  "forge"  is  applied  in  iron  works  to  the  depart- 
ment containing,  besides  the  puddUng  furnaces,  the  shingling, 
blooming,  and  rolling  machinery  employed  in  the  production 
of  puddled  blooms,  slabs,  or  rough  bars  from  the  puddled 
ball  which  comes  from  the  furnace. 

The  shingling  or  blooming  machinery  for  treating  the 
puddled  balk  consists  of  helves,  or  hammers,  and  of  the 
puddling  rolls  or  forge-train,  which  consists  of  two  pairs  of  rolls, 
through  which  the  shingled  blooms  are  passed  without  any 
re-heating  for  conversion  into  slabs  or  puddled  bars  about 
3  in.  wide,  J  in.  thick,  and  16  ft.  long,  or  into  plates  averaging 
from  6  in.  to  15  in.  wide,  if  intended  for  roUing  subsequently 
into  plates  or  sheets. 

The  "  mill "  is  a  department  in  which  the  blooms,  slabs, 
rough  bars,  etc.,  received  from  the  forge,  are  cut  up,  piled, 
re-heated,  again  welded  and  finished  by  the  mill-rolls  into 
various  classes  of  merchantable  iron,  such  as  merchant  bars, 
rods,  rails,  plates,  sheets,  or  other  finished  forms. 

The  shingling  and  blooming  machinery  consists  of  various 
types  of  squeezers,  helves,  and  hammers.  The  helves  and 
hammers  act,  of  course,  by  the  impact  or  of  a  falKng  weight, 
whereas  the  shingling  by  squeezers  is  effected  by  a  direct 
compressive  or  squeezing  force.  The  steam  hammer  is  now 
generally  used  for  shingHng  purposes,  to  the  exclusion  of  the 
older  forms  of  helve  and  squeezer. 

Squeezers  are  either  reciprocatory  or  rotary.  The  single 
alligator  or  crocodile  squeezer  has  two  broad  flat  jaws  ;  the 
lower  one  (the  anvil)  is  fixed,  whilst  the  upper  one  forms  one 
end  of  a  heavy  cast-iron  lever  pivoted  on  a  gudgeon  or  axis 
forming  the  fulcrum  of  the  machine.^  One  extremity  of  the 
oscillating  jaw  is  coupled  by  a  connecting  rod  with  a  crank 
or  it3  equivalent.  In  this  manner  the  upper  jaw,  which 
has  a  toothed  under  surface,  opens  and  closes  upon  the  lower 
fixed  jaw.     The  shingler  introduces  the  hot  puddled  ball 
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into  the  open  end  of  the  jaws  farthest  away  from  the  fulcrum, 
and  gradually  rolls  the  ball  over  towards  the  fulcrum  of  the 
crocodile  after  each  stroke  of  the  machine.  At  each  stroke 
the  bulk  of  the  puddled  ball  is  reduced  by  the  escape  of  fluid 
cinder,  which  flows  away  from  the  mass  over  the  sides  of 
the  lower  jaw  or  anvil,  and  by  the  consolidation  of  the  metal. 
Finally  the  compressed  ball  is  formed  into  a  slab  or  bloom 
about  5  in.  in  diameter  and  18  in.  long.  At  the  extreme 
outer  end  of  the  jaws  the  movement  is  sufiiciently  great  to 
permit  of  the  bloom  being  placed  on  end,  and  compressed 
endwise,  so  as  to  shorten  or  upset  the  bloom,  and  square  up 
the  ragged  ends.  The  bloom,  when  finished  at  the  crocodile, 
is  still  sufiiciently  hot  for  introduction  into   the  puddling 


-./5,H-;%.^ 


Fig.  74. — Double-acting"  Crocodile  Squeezer,  Front  Elevation. 


rolls  for  drawing  down  into  puddled  bars.  The  crocodile 
squeezer  makes. about  60  strokes  per  minute,  and  each  ball 
receives  about  twenty  or  twenty-five  compressions  during 
its  conversion  into  the  puddled  bloom.  Whilst  for  heavy 
blooms  squeezers  are  much  more  'efficacious  than*  hammers, 
for  those  dealt  with  from  the  puddling  furnace  the  hammer 
is  quite  satisfactory.  In  the  forge,  therefore,  hammers  are 
now  always  used.  Fig.  74  shows  a  double-acting  crocodile 
squeezers. 

Hammers  of  various  classes  are  employed  in  the  forge 
for  shingling  the  puddled  ball,  and  occasionally  for  the  working 
of  the  finished  iron,  into  the  various  classes  of  blooms,  billets, 
forgings,  etc.,  required  for  the  rolHng  mills  and  by  the  engineer. 
In  the  older  forges  the  tilt  and  helve  hammers  are  still  to  be 
found,  although  in  modem  forges  the  steam  hammer  is  more 
generally  employed,  even  for  shingling  purposes. 
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The  tilt  hammer  is  not  commonly  used  for  shingling 
purposes,  as  it  does  not  generally  exceed  5  cwts.  in  weight, 
and  works  at  a  high  speed,  but  it  is  still  employed  in  some 
parts  of  Sweden  for  drawing  down  blooms  into  bars,  etc.  It 
consists  of  a  wooden  lever,  strengthened  with  wrought-iron 
hoops,  and  having  at  one  end  a  heavy  sledge-hammer,  whilst 
the  cam  which  works  the  hammer  operates  at  the  opposite 
or  tail  end  of  the  lever,  the  fulcrum  being  formed  by  the 
two  arms  of  a  trunnion  ring  resting  on  a  vertical  timber 
framework  placed  between  the  hammer-head  and  the  cam, 
but  nearer  to  the  latter  than  fco  the  former.  As  the  cam, 
which  is  a  revolving  wheel  with  twelve  or  fourteen  projecting 
teeth  or  wipes,  revolves,  the  wipes  press  down  the  short  end 
of  the  lever,  and  so  raise  the  hammer-head  until  the  lever  is 
so  far  depressed  that  the  wipe  on  the  cam  slips  from  the  end 
of  the  lever,  when  the  hammer  then  descends  by  its  own 
weight,  and  falls  upon  the  work  on  the  anvil.  The  force 
and  rapidity  of  the  fall  are  further  increased  by  the  intro- 
duction of  an  elastic  piece  of  timber  or  spring  board  beneath 
the  short  arm.  As  the  cam  revolves  and  the  next  tooth  comes 
around,  it  repeats  the  same  operation,  and  the  strokes  of 
the  hammer  thus  follow  in  quick  and  regular  succcEsion. 
The  end  of  the  lever  is  shod  with  iron  at  the  point  where 
the  wipes  bear.  The  bottom  anvil  is  of  wrought-iron  fitted 
into  a  heavier  mass  of  cast-iron. 

Helve  or  lifting  hammers  are  of  two  types,  and  are  made 
from  30  cwts.  to  10  tons  in  weight;  they  are  still  used  for 
shingHng  in  forges  where  the  steam-hammer  has  not  yet 
been  introduced.  In  one  class  of  helve  the  cam  acts  upon 
the  heavy  cast-iron  lever  at  one  extremity,  whilst  the  fulcrum 
is  placed  at  the  other  extremity,  constituting  the  nose  or 
frontal  helve,  as  illustrated  in  Fig.  75.  In  the  nose  or  frontal 
helve,  the  arm  or  lever  is  lifted  up  as  the  cam  revolves,  and 
is  then  allowed  to  fall  by  its  own  weight  upon  the  puddled 
ball  placed  on  the  anvil  beneath.  Into  the  head  of  the  arm 
the  wrought-iron  hammer  is  dovetailed,  and  keyed  so  as 
to  permit  of  ready  removal  for  the  renewal  of  the  faces,  as  is 
frequently  required.  Such  helves  as  are  still  in  use  in  a  few 
places  in  Staffordshire,  etc.,  for  shingling  are  from  5  to  6  tons 
in  weight,  and  the  cam,  which  is  about  5  feet  in  diameter, 
and  fixed  upon  a  continuation  of  the  fly-wheel  shaft,  has 
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five  teeth  or  wipes,  so  that  the  helve  makes  five  strokes  for 
each  revolution  of  the  cam,  in  which  manner  the  helve  makes 
from  80  to  100  strokes  per  minute,  and  the  maximum  lift 
of  the  head  is  from  16  in.  to  20  in. 

The  belly  helve,  owing  to  the  cam  being  generally  fixed 
beneath  the  floor  level,  and  acting  also  between  the  head 
and  the  fulcrum  of  the  machine,  gives  a  greater  space  around 
the  anvil  for  the  manipulation  of  the  puddled  ball  than  the 
frontal  helve. 

Steam  Hammers. — The  steam  hammer  is  now  generally 
preferred  to  the  helve  for  shingling  purposes,  since  its  blow  can 
be  regulated  according  to  the  work  to  be  done,  by  throttling 
the  escape  of  steam  to  the  exhaust,  whereby  a  cushion  of  steam 
is  preserved  beneath  the  piston  of  the  hammer  as  it  descends 


Fig.  75. — Nose  or  Frontal  Helve,  Front  Elevation. 

upon  the  work,  thereby  diminishing  its  velocity  and  the  weight 
of  its  blow  ;  but  with  the  helve  the  head  is  always  lifted  to 
the  same  height,  and  such  control  as  this  is  impossible.  More- 
over, the  heavy  blows  of  the  steam  hammer  consolidate  the 
metal  more  quickly  and  expel  the  cinder  more  ^efiectually 
because  the  work  is  done  more  quickly  and  more  cheaply,  while 
the  bloom  is  still  at  a  high  temperature,  and  if  desirable  the 
hammer  can  be  worked  so  slowly  as  to  be  practically  a  squeezer, 
so  that  the  metal  can  be  "  humoured  "  in  a  way  that  is 
impossible  with  a  helve  hammer. 

Steam  hammers  are  somewhat  differently  constructed 
according  to  the  special  work  to  which  they  are  to  be  appHed. 
Thus  the  smaller  hammers  adapted  to  the  forging  and  drawing 
down  of  bars  generally  consist  of  a  single  cast-iron  standard, 
in  front  of  which  the  piston  and  hammer-head  descend  on  to 
the  anvil.     Supported  upon  the  top  of  the  standard  is  a  vertical 
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steam  cylinder  of  which  the  piston  rod  passes  through  a  gland 
or  stufl&ng  box  in  the  cyUnder's  lower  cover,  and  is  attached 
to  a  heavy  block  or  tup  which  thus  ascends  and  descends 
with  the  piston,  as  the  steam  is  admitted  to  or  escapes  from 
the  cylinder.  The  rotation  of  the  piston  and  tup  is  prevented 
by  planing  a  flat  side  upon  the  piston  rod  and  making  the 
stuffing  box  of  a  corresponding  shape,  or  the  tup  is  made 
to  work  in  a  guide  on  the  face  of  the  hammer  standard.  The 
cyhnder  is  provided  with  suitable  valves  connected  with 
levers,  by  small  movements  of  which  the  workman  can  control 
readily  both  the  ascent  and  descent  of  the  hammer  tup. 
These  hammers  are  made  so  that  the  hammer  tup  and  piston 
are  lifted  by  the  admission  of  steam  beneath  the  piston, 
and  then  allowed  to  descend  upon  the  work  by  opening  the 
valve,  and  so  allowing  the  steam  from  beneath  the  piston 
to  escape  freely  to  the  atmosphere.  A  much  more  powerful 
hammer  is  formed  by  admitting  steam  upon  the  top  of  the 
piston  during  its  descent,  as  well  as  exhausting  the  steam 
from  the  under  side  of  the  piston. 

In  the  larger  hammers  of  30  cwts.  and  upwards  the  single 
standard  of  the  hammer  is  replaced  by  two  standards,  between 
which  the  tup  ascends  and  descends.  For  shingling  purposes 
hammers  in  which  the  aggregate  weight  of  the  falhng  mass 
of  tup,  rod,  and  piston  is  from  IJ  to  3  tons  are  in  most  fre- 
quent use.     Fig.  76  shows  a  double-acting  steam  hammer. 

The  foundations  for  steam  hammers  are  required  to  be 
most  substantial.  They  are  usually  formed  first  of  a  layer 
of  concrete,  or  of  concrete  on  wooden  piles  driven  as  far 
as  possible  into  the  earth  ;  upon  the  concrete  are  placed 
cast-iron  bed-plates  of  weights  proportionate  to  the  size  of 
the  hammer ;  or,  in  heavy  hammers,  it  is  usual  to  alternate 
heavy  cast-iron  plates  with  balks  of  oak  timber  arranged  in 
various  ways,  and  upon  this  foundation  are  finally  fixed  the 
heavy  anvil-block  or  blocks,  of  cast-iron,  into  which  the 
working  bottom  anvil  block  is  fitted  by  a  dovetail  joint  and 
wedges  in  the  same  manner  as  the  top  anvil  or  block  is  fixed 
in  the  tup  of  the  hammer.  The  bottom  anvil  block  for  a 
10-ton  double-acting  hammer  weighs  about  110  tons,  whilst 
the  superstructure  of  hammer  and  base  plate  of  the  same 
hammer  weighs  only  about  80  tons. 

rorge-train. — The  rolls  for  converting  the  shingled  bloom 
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oi  malleable- iron  into  puddled  bar,  or  into  merchant  barS| 
etc.,  form  part  of  the  plant  of  the  foige  and  mill  depart- 
Bienta   respectively.     The   train   conaiating  of   two   pairs   of 
rolls,    used    in   the   forge,  is   known  as  the  puddling  rolls  ; 
whilst  the  train  of  two  stands  of  rolls  for  the  production  of 
sections,    plates,    and    other 
finished  iron  or  steel,  is 
in  the  mill,  and  known  a 
rolls. 

The    puddling    roll 
forge -train    couaiste    of 
paiie  of  cast-iron  rolls  [ 
in  one  line;     The  pair  o: 
placed  at  the  left  of  the 
are  known   as  the    lou 
rolls,   and  in  the  forge 
they  are  from  3  ft.  6  i 
5  ft.  long,  and  from  18 
22  in.  in  diamet«r,  with  a 
of  oval,  Gothic,  or  diai 
shaped  grooves  turned 
upon     their     surface. 
The    first    groove    is 
roughened  by  cutting 
indentations  upon  its 
surface  with  a  chisel, 

so  that  it  may  the  Fig.  76.— Double-acting  Steam  Hammer, 
better  take  hold  of  the  Froit  Elevation. 

shingled  bloom  when 

it  first  enters  between  the  rolls.  The  first  two  or  three  grooves 
of  the  roughing  rolls  are  Gothic-shaped,  whilst  the  others 
are  diamond -shaped,  and  the  depth  of  the  grooves  also 
diminishes  from  left  to  right  along  the  lolls.  The  two  lolls 
of  each  pair  are  placed  one  above  the  other  in  the  same  manner 
as  the  mill  rolls  (Fig.  77),  and  the  necks  or  bearings  of  the 
rolls  are  supported  upon  brasses,  in  massive  cast-iron  housings 
or  standards  a  (Figs.  77  and  78).  The  lower  roll  runs  in  a 
lino  with  the  driving-shaft  of  the  engine  ;  whilst  between 
the  engine  and  the  mill  is  a  pair  of  spur  or  helical  toothed 
pinions  B  (Fig.  77),  of  the  same  diameter  as  the  rolls,  which 
pinions  run  in  their  own  standards  or  housings  d.     The  outer 
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end  of  the  lower  pinion  is  connected  direct  with  the  engine 
shaft,  whilst  the  other  end  is  coupled  to  the  bottom  roll  by 
connecting  spindles  6,  b,  and  coupling-boxes  a,  a,  as  illustrated 
in  Figs.  77  and  78.  The  upper  pinion  is  coupled  in  the  same 
nlanner  with  the  top  roll,  and  is  driven  by  the  lower  pinion  ; 
so  that  the  rolls  Hke  the  pinions  thus  revolve  in  opposite 
directions.  The  distance  between  the  rolls  is  adjusted  by 
screws  «,  s,  passing  through  nuts  in  the  top  of  the  housings, 
the  lower  extremity  of  the  screws  acting  upon  the  top  bearers 
k,  on  the  neck  of  the  rolls,  and  the  screws  are  worked 
down  either  by  hand,  through  levers  upon  the  heads  of  the 
screws,  or  fed  down  automatically  by  an  arrangement  of 
gearing.  To  protect  the  necks  and  steps  of  the  roll  bearings 
from  the  cinder,  etc.,  expelled  from  the  metal  during  its 
roughing-down  in  these  rolls,  a  narrow  groove  is  often  turned 
in  both  the  top  and  bottom  rolls,  and  a  cinder-plate  of  sheet- 
iron  inserted  to  prevent  the  cinder  from  passing  towards  the 
necks  of  the  rolls.  In  front  of  the  bottom  roughing  roll  and 
extending  for  the  full  width  between  the  housings  is  a  serrated 
fore-plate  or  rest,  for  receiving  the  shingled  bloom  from  the 
bogie,  upon  which  it  is  brought  from  the  squeezer  or  hammer 
to  the  rolls. 

The  connection  between  the  engine  and  the  bottom  pinion 
of  the  forge-train,  as  also  between  the  pinions  and  the  rolls  and 
between  the  rolls  themselves,  is  made  by  breaking-pieces  or 
spindles,  h  (Figs.  77  and  78),  and  coupling-boxes  a,  which 
are  made  somewhat  weaker  than  the  necks  of  the  rolls,  so 
that  whenever  the  mill  encounters  any  unusual  resistance  or 
sudden  strain  these  spindles  break  before  any  serious  damage 
can  be  done  to  the  forge-train.  The  necks  of  the  rolls  project 
beyond  the  bearings  in  the  housings,  and  have  the  same  form 
as  the  end  of  the  spindle  6,  whilst  the  coupHng-boxes  or 
wabblers  a  (Fig.  77)  fit  easily  upon  the  projecting  end  of 
the  roll,  as  also  upon  the  end  of  the  spindle.  When  the 
spindle  with  its  two  coupling-boxes  has  been  placed  between 
the  two  rolls  or  other  necks  to  be  coupled,  the  couphng-boxes 
already  placed  upon  the  spindle  are  moved  half  their  length 
over  the  wabbler  end  of  the  roll  or  pinion,  as  the  case  may  be, 
so  as  to  connect  the  two  ;  whilst  the  sHpping  back  of  the 
boxes  during  the  working  of  the  mill  is  prevented  by  the 
introduction  of  wooden  or  iron  stops,  laid  in  the  hollow  of 
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the  spindles  and  between  the  ends  of  the  coupling-boxes  ; 
the  stops  are  secured  in  position  and  prevented  from  falling 
out  during  the  revolution  of  the  rolls  by  twisting  an  iron 
wire  or  band  around  them  and  the  spindle. 

The  finishing  rolls  of  the  forge-train  are  similar  in  their 
housings  to  the  roughing  rolls  just  described,  but  their  grooves 
are  flat  channels,  and  form,  when  the  pair  of  rolls  are  together, 
the  required  section  for  the  puddled  bar.  The  grooves 
diminish  in  depth  from  left  to  right,  and  those  in  the  upper 
roll  stand  over  those  in  the  lower.  In  front  of  the  bottom 
roll  is  a  fore-plate  or  rest,  and  also  guides  for  the  easier  in- 
sertion of  the  bloom  from  the  roughing  rolls  into  the  grooves 
of  the  finishing  rolls. 

The  puddle  rolls  receive  the  hot  puddled  blooms  direct 
from  the  squeezer  or  hammer,  and  the  blooms  are  first  intro- 
duced into  the  largest  groove  at  the  extreme  left  of  the  rough- 
ing rolls.  After  passing  through  them  the  bloom  is  returned 
over  the  top  of  the  rolls,  to  be  again  inserted  from  the  front 
side  into  the  next  groove  to  the  right,  and  so  on  in  succession 
through  the  several  grooves  of  the  roughing  rolls  as  required 
to  produce  the  desired  bloom.  The  bloom  so  obtained  is 
passed  onwards  to  the  finishing  rolls  of  the  train,  where  it  is 
passed  in  hke  manner  successively  through  the  several  grooves 
or  holes  of  this  pair,  until  long  flat  bars  with  more  or  less 
ragged  edges  and  a  rough  surface,  and  from  3  in.  to  7  in.  wide, 
and  from  f  in.  to  \\  in.  thick,  according  to  requirements, 
constituting  puddled  bar,  are  produced.  From  this,  merchant 
bar  is  prepared,  as  already  described  by  the  cutting 
up  and  pihng  of  puddled  bar,  reheating  it  to  a  welding 
heat  and  again  passing  it  through  the  rolls.  If  the  puddled 
bars  are  intended  for  cutting  up  and  piling  into  piles  for 
the  production  of  plates,  then  the  width  of  the  puddled  bar 
is  made  from  7  in.  to  15  in. 

The  forge  rolls  revolve  at  the  rate  of  from  fifty  to  eighty 
revolutions  per  minute,  the  quicker  speeds  being  more  general 
in  Wales,  whilst  the  slower  speeds  are  more  prevalent  in 
Staffordshire  and  the  Midlands.  The  rolls,  as  also  their  necks 
or  bearings,  are  kept  cool  by  running  a  continuous  but  regulated 
supply  of  water  over  them. 
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CHAPTER   XIX. 

THE   MILL. 

The  mill  equipment  includes  the  furnaces  in  which  the  metal 
has  to  be  heated  for  rolling  and  the  rolls.  The  mill  rolls 
are  employed  for  the  production  of  finished  irou 
from  the  puddled  bar.  The  bar  is  cropped  or  cut  up  in 
suitable  shears,  and  piled  yi  various  ways  to  form  a  parcel  or 
packet,  which  is  then  inserted  into  a  balling  or  reheating 
furnace  for  raising  it  to  a  welding  heat,  after  which  it  is  passed 
through  the  mill  rolls  to  weld  together  the  constituent  bars 
of  the  pile,  producing  thereby  No.  2  and  higher  grades  of 
merchant  iron,  rods,  bars,  sections,  etc.,  the  quality  depending 
upon  the  number  of  times  the  bars  have  been  cut  up,  piled, 
reheated,  and  rewelded.  The  piles  employed  in  the  production 
of  the  heavier  sections  vary  in  size  from  4  ft.  6  in.  long  and 
12  in.  square  to  18  in.  long  and  3  in.  square,  but  the  latter  are 
exceptional,  such  light  sections  being  rolled  from  "  billets," 
which  are  merely  short  lengths  of  square  bars  of  a  section  and 
weight  required  to  produce  the  finished  product. 

The  mill  rolls  or  mill  train  (Figs.  77  and  78),  for  rolling 
merchant  iron,  like  the  forge  train,  consists  of  two  sets  of 
rolls,  of  which  the  roughing  or  billeting  rolls  average  about 
6  ft.  6  in.  in  length  and  22  in.  in  diameter,  whilst  the  finishing 
rolls  are  somewhat  smaller  in  diameter  and  shorter  in  length  ; 
but  their  length  and  diameter  vary  considerably  in  different 
works,  being  much  influenced  by  local  or  other  special 
requirements.  The  rolls  run  in  bearings  carried  in  housings 
as  described  for  the  puddling  rolls,  except  that  the  finishing 
rolls  in  the  mill  are  also  provided  with  tightening  and  ad- 
justing screws  n  (Fig.  79)  for  keeping  them  more  accurately 
in  position  as  the  bearings  wear  down,  in  addition  to  the 
setting  down  screws  s  in  the  head  of  the  housings  for  adjusting 
the  distance  apart  of  the  rolls.  The  necks  I  of  the  rolls  do 
not  rest  in  continuous  brass  bearings,  but  bear  upon  four 
small  brasses  carried  respectively  in  the  bearers  or  riders  k,  \ 
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and  the  side  cbocks  m,  the  side  brasses  being  adjusted  by 
the  set  screws  n.  The  top  roll  is  carried  by  a  bolster,  Aj, 
supported  at  each  end  from  the  top  of  the  standard  by  the 
two  bolts  p,  which  pass  through  the  rider  k,  and  the  side 
chocks,  ffi ;   or  in  other  cases,  instead  of  passing  through  the 
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top  of  the  housing,  the  bolt^  -p  are  on  the  outside  of  the  housings 
and  suspend  the  bearer  k  from  two  lugs  cast  for  this  purpose 
on  the  side  oi  the  standards.  The  power  of  the  engine  is 
transmitted  through  a  claw-clutch  or  crab  on  the  end  of  the 
engine  shaft,  and  thence  through  a  spindle  to  the  lower  pinion 
of  a  pair  which  run  in  their  own  standards,  while  the  wabbler 
ends  a  of  the  pinions  (Fig.  77)  are  connected  by  spindles  and 
couphng-boxes  or  wabblers  with  the  ends  of  the  roughing  rolls  ; 
the  other  projecting  or  wabbler  ends  of  the  two  roughing  rolls 
being  in  hke  manner  coupled  by  boxes  and  spindles  with  the 


Fig.  79.— Roll  Honsing,  ot  Standard  for  Mill  EoUs,  End  Elevation, 

near  ends  of  the  two  finishing  rolls  ;  or,  as  is  sometimes  done, 
only  the  lower  finishing  roll  is  connected  by  a  spindle  with  the 
lower  roughing  roll,  and  motion  is  then  imparted  to  the  top 
finishing  roll  by  gearing  fixed  on  the  outer  projecting  ends  of 
the  two  finishing  rolls.  This  latter  method  of  driving  from 
the  lower  roughing  roll  only  has  the  advantage  of  permitting 
the  use  of  larger  or  smaller  roughing  rolls,  as  may  be  desired, 
without  interfering  with  the  finishing  rolls. 

In  rolling  small  and  fight  sections,  which  are  therefore 
whilst  hot  very  flexible  and  difficult  to  keep  from  bending 
and  twisting  during  the  operation,  it  is  usual  to  provide  an 
apron  or  fore-plate  in  front  of  the  rolls,  as  also  guide  jaws 
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for  directing  the  work  straight  as  it  enters  the  rolls,  in  which 
manner  much  of  the  twisting  is  avoided,  and  the  traifi  so 
provided  is  hence  known  as  a  "  guide  train,"  and  the  iron 
produced  therein  as  "  guide  iron." 

In  rolling  sections,  bars,  etc.,  the  bottom  roll  is  always 
provided  with  "  stripping-plates  ;  "  these  are  plates  of  iron 
resting  at  one  end  in  a  cross-bar  supported  by  the  roll  standard, 
and  at  the  other  end  upon  the  roll  itself.  They  are  shaped  to 
fit  into  the  several  grooves  of  the  rolls,  and  are  also  bevelled 
off  at  their  lower  edge  so  as  to  fit  on  the  ci/cumference  of 
the  roll,  with  their  upper  surface  tangential  to  the  surface 
of  the  roll.  They  thus  act  as  chisels  or  wedges  in  clear- 
ing the  bars  from  the  grooves  of  the  bottom  roll,  thus 
preventing  "  collaring,"  or  wrapping  of  the  bars  around  the 
bottom  roll. 

In  two-high  trains  revolving  constantly  in  one  and  the 
same  direction  it  is,  as  already  explained,  necessary  to  return 
the  work  over  the  top  roll  from  the  back  to  the  front  of  the 
rolls,  after  each  pass  of  the  work  between  the  rolls  ;  and  thus 
much  time  and  labour  is  lost,  to  overcome  which  either  "  three - 
high  rolls  "  or  mills  that  can  be  reversed  at  each  passage  of 
the  work  have  been  largely  adopted  for  the  mill-tiiains. 

For  lifting  light  work  to  the  top  of  the  upper  roll  in  the 
two-high  non-reversing  mills,  it  is  usually  sufficient  to  receive 
it  as  it  issues  behind  the  rolls  upon  forked  levers  suspended 
from  a  travelUng  carriage  above,  and  by  which  the  workman 
raises  the  bar  to  the  required  level,  so  that  the  roller-man  in 
front  of  the  rolls  may  seize  it  with  his  tongs  and  draw  it  forward 
on  to  the  fore -plate  of  the  mill  for  insertion  into  the  next  hole 
of  the  rolls.  Where  heavy  s actions  or  plates  are  rolled,  some 
two-high  plate  mills  have  movable  fore-plates  or  feed-plates 
fitted  to  the  mill,  so  that  as  the  work  is3ues  from  behind  the 
rolls  it  is  received  on  this  plate,  which  is  at  once  raised  to  the 
required  level  by  a  single-acting  engine,  or  by  an  arrangement 
of  levers  worked  either  by  hand  or  by  power,  or  the  table  is 
elevated  by  an  hydraulic  cylinder  and  ram.  The  work  thus 
elevated  is  drawn  over  the  top  rolls  to  the  front  side  of  the 
mill,  ready  for  its  reintroduction  between  the  rolls. 

Beversino^  Rolls. — In  the  case  of  reversing  mills  the  re- 
versal is  effected  either  by  reversing  the  engine  itself,  as 
introduced  by  Mr.  Ramsbottom  for  the  rolling  of  rails,  etc., 
o 
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or  by  the  introduction  of  hydraulic,  friction,  or  other  clutches 
and  gearing  on  the  engine  shaft,  whereby  the  rotation  of  the 
rolls  is  reversed  whilst  the  engine  continues  its  revolutions 
always  in  the  same  direction. 

Three-hi^h  rolls  consist  of  toughing  and  finishing  rolls, 
each  of  which  is  a  combination  of  three  rolls  in  it«  own  pair 
of  housings.    With  three-high  rolls  the  mill  is  usually  driven 


Fig.  80.— HouBinjr  for  Tbree-high  liolls,  End  Elevation. 

from  the  middle  roll,  although  under  special  circumstances 
it  may  be  driven  from  the  lower  one.  Thus  the  rolls  are 
driven  through  three  pinions,  the  wabbler  ends  of  the  pinions 
being  coupled  as  before  by  spindles  and  coupling-boxes  with 
the  ends  of  the  three  rolls ;  and  the  middle  roll  therefore 
revolves  forward  with  the  lower  one,  and  backwards  with 
the  upper  one,  or  vice  versd,  according  to  the  direction  of 
rotation  of  the  middle  roll,  so  that  the  woik  thus  passes 
bocltwards  and  forwards  alternately  through  the  grooves  or 
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holes  between  the  middle  and  bottom  rolls,  and  between 
the  middle  and  upper  rolls  respectively.  The  work,  as  it 
issues  from  the  grooves  in  the  lower  rolls,  is  received  and  Ufted 
in  the  manner  already  described  to  the  level  of  the  holes 
between  the  middle  and  upper  roll,  after  passing  through 
which  the  bar  is  received  on  the  other  side  by  a  corresponding 
arrangement,  and  immediately  lowered  to  the  level  of  the 
lower  pair  of  rolls. 

In  three-high  mills  various  mechanical  arrangements 
are  made  for  adjusting  the  distance  of  the  top  and  bottom 
roll  from  the  middle  one.  In  two-high  mills,  the  top  roll  is 
movable  for  the  purpose  of  adjustment,  but  in  the  three-high 
system  either  the  middle  roll  may  be  fixed  and  the  top  and 


Fig".  81. — Three-high.  Rolls  for  Merchant  Iron. 

bottom  rolls  run  in  adjustable  bearings,  or,  as  in  Fig.  80,  the 
bottom  roll  is  fixed,  and  the  middle  and  top  rolls  are  carried 
in  adjustable  bearings. 

In  most  American  three-high  trains  for  merchant  iron, 
the  top  and  bottom  rolls  are  grooved  (see  Fig.  81),  and  the 
middle  roll  has  the  collars  turned  upon  it.  This  plan  requires 
shorter  rolls  for  the  same  number  of  passes,  and  obviates 
turning  over  the  bar  after  each  pass,  the  grooves  opening 
alternately  upwards  and  downwards,  so  that  the  fin  formed 
in  the  top  groove  in  the  upper  pass  is  smoothed  down  by  the 
solid  bottom  of  the  groove  in  the  upper  pass.  An  objection 
to  the  three-high  mills  is  the  necessity  of  providing  between  the 
middle  and  top  rolls  suspended  and  balanced  stripping-plates 
for  turning  the  work  out  of  the  grooves  as  it  issues  from  the  rolls. 
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Plate   Hilt. — The  general  arrangement  of  a  plate  mill  is 

the  same  as  thtkt  of  the  ordinary  mill  train,  €0ccept  that  the 
rolls  are  plain  cylinders  of  uniform  diameter,  and  that 
the  top  roughing  roll  is  balanced   by   counter-weights    as 


in  Fig.  82,  whilst  the  top  finishing  roll  runs  freely,  being 
revolved  only  by  the  friction  of  the  work  passing  between 
it  and  the  bottom  roll.  The  plate  mill  has  two  pairs  of  rolls, 
varying  in  different  mills  from  20  in.  to  36  in.  in  diameter  and 
from  4  ft.  to  9  ft.  long.  The  roughing  rolls  are  grain-rolla 
— that  is,  cast  from  tough  cast-iron,  not  chilled  on  the  surface 
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— whilst  the  finishing  rolls  are  chilled  castings,  the  depth  of 
chill  varying  between  J  in.  and  IJ  in.  All  the  rolls  run  in 
brass  bearings  and  are  carried  in  housings,  in  the  top  of  which 
are  fitted  nuts  a,  and  setting-down  screws  h.  When  the 
setting-down  screws  are  moved  by  hand,  a  large  hand-wheel 
d  is  fixed  to  the  head  of  each  screw,  the  degree  of  rotation 
being  indicated  by  a  pointer  and  a  graduated  ring  c  fixed  on 
each  housing,  so  that  the  workman  may  see  that  both  screws 
are  set  down  to  the  same  degree,  so  giving  the  same  thickness 
to  both  edges  of  the  plate  as  it  passes  between  the  rolls. 
Spur  and  bevel  gearing  governed  by  a  self-acting  arrangement 
for  feeding  down  uniformly  both  screws  at  once  is  applied 
to  the  larger  mills,  this  self-acting  motion  being  necessary 
when  tapered  plates  are  being  rolled,  in  order  that  the  rolls 
may  be  uniformly  and  gradually*  fed  down  to  give  the  desired 
decrease  in  thickness  from  end  to  end  of  the  plate  as  it  passes 
between  the  rolls.  The  top  roughing  roll  rests  in  a  bolster  g, 
supported  upon  bars  A,  which  are  connected  with  a  system 
of  levers  Aj,  I,  and  balance  weights,  m  (Fig.  82),  suspended 
beneath  the  bed-plate  or  foundation  of  the  rolls.  These 
balance  weights  suffice  to  hft  the  top  roll  as  the  feed-screws 
are  turned  back,  and  so  keep  it  constantly  in  contact  with 
its  top  bearing,  thus  preventing  the  fall  of  the  top  roll  on  to 
the  bottom  roll  as  the  bloom,  or  slab  leaves  the  rolls  after  each 
passage  between  them.  A  pile,  bloom,  or  slab  of  4  in.,  8  in., 
or  10  in.  or  upwards  in  thickness  can  be  introduced  between 
the  rolls.  The  finishing  rolls  have  generally  much  less  work 
put  upon  them  than  the  roughing  rolls ;  they  usually  reduce 
the  plate  by  only  a  fraction  of  an  inch,  but  they  take  out  the 
buckhng  and  any  irregularities  of  thickness  from  the  rough 
plate.  The  top  finishing  roll  runs  loose  in  its  bearings  and 
revolves  solely  by  the  friction  of  the  plate  passing  beneath  it, 
and  the  upper  roll  thus  drops  down  through  the  thickness 
of  the  plate  on  to  the  lower  roll  as  the  plate  leaves  the  rolls 
after  each  pass.  The  distance  apart  of  the  rolls  is  diminished 
at  each  pass  by  screwing  down  the  feed-screws,  and  in  non- 
reversing  mills  the  plate  is  lifted  by  a  movable  table  arrange- 
ment and  passed  over  the  top  of  the  rolls  to  the  front  side, 
to  be  again  inserted  between  the  rolls. 

To  overcome  this  loss  of  labour  and  time  reversing  mills 
have  been  adopted.     The  plates  pass  between  the  rolls  from 
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front  to  back,  and  are  received  there  on  a  horse  or  platform 
inclined  towards  the  rolls,  and  fitted  with  friction  rollers,  over 
which  the  plate  moves.  When  the  mill  is  reversed  the  plate 
is  easily  pushed  forward  with  tongs  or  bars  down  the  horse 
and  into  the  rolls  ;  on  the  front  side  of  the  rolls  it  is  received 
on  a  bogie,  which  runs  out  with. the  end  of  the  plate  as  it 
issues  from  the  mill.  The  rolls  are  reversed  and  the  screws 
set  down  at  each  pass,  until  the  desired  thinness  has  been 
attained,  upon  which  the  plate  is  conveyed  to  the  mill  floor 
near  to  the  shears,  where  it  is  laid  down  to  cool,  and  straighten 
if  necessary. 

In  plate-mills  and  two-high  mills  generally  the  circum- 
ference of  the  top  roll  in  contact  with  the  metal  is  made  sHghtly 
larger  than  the  bottom  roll,  so  that  the  upper  surface  of  the 
metal  is  extended  a  Uttle  more  than  the  under  surface.  Thus 
the  leading  end  of  the  plate  tends  to  curve  downwards  as  it 
leaves  the  rolls,  and  collaring  around  the  top  roll  is  prevented. 
Stripping-plates  are  fitted  to  prevent  collaring  around  the 
bottom  roll. 

The  metal  extends  in  rolUng  almost  wholly  in  the  direction 
of  its  length ;  hence  the  bloom,  etc.  is  first  passed  between 
the  roughing  rolls  in  the  direction  of  its  breadth  so  as  to 
extend  it  to  the  full  width  required. 

The  ends  of  a  rolled  plate  are  cut,  as  may  be  necessary, 
to  reduce  the  plate  to  the  requisite  dimensions. 

Iron  plates  formed  from  piles  built  up  in  a  special  manner 
are  passed  through  the  roughing  rolls  in  the  directions  of 
their  length  and  breadth  alternately,  until  the  full  width  has 
been  attained,  after  which  the  rolling  is  continued  entirely 
in  the  direction  of  length.  The  object  is  to  get  the  strengths 
of  the  plate  in  the  two  directions  as  uniform  as  possible. 

Sheet  mills  resemble  the  plate  mills,  except  that  the  rolls 
and  mechanism  are  lighter.  The  sheet  mills  of  Birmingham 
and  of  South  Wales  have  rolls  from  18  in.  to  22  in.  in  diameter 
and  from  3  ft.  to  6  ft;  long,  running  at  from  thirty  to  thirty* 
five  revolutions  per  minute.  For  producing  the  larger  sheets 
the  billets  are  about  1 J  in.  thick,  and  two  of  them  are  usually 
rolled  together^  passing  between  the  rolls  crosswise  from  the 
front  side  and  then  being  returned  by  the  back-hand  over  the 
top  of  the  rolls  to  the  front  side,  whilst  the  screws  are  set 
down  to  reduce  the  space  between  the  rolls  after  each  passage 
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of  the  Vork.  Thus  the  plates  are  reduced  to  about  J-in. 
thick,  and  then  they  are  placed  one  upon  the  other  and  passed 
together  through  the  rolls  for  a  few  times,  until  finally  two 
sheets,  each  about  3  ft.  6  in.  wide  and  5  ft.  long  are  produced; 
The  sheets  are  then  annealed  at  a  red-heat  and,  after  reheating, 
are  again  returned  to  the  rolls  in  pairs  and  further  extended  ; 
if  the  sheets  are  to  be  very  thin  each  one  is  again  doubled  upon 
itself  crosswise,  reheated,  and  again  rolled.  Then  the  sheets 
are  put  on  one  side  to  cool,  after  which  they  are  sheared  to 
size,  again  annealed,  and  finally  made  into  bundles  for  sale. 

Annealing. — The  annealing  is  effected  by  placing  the 
sheets  in  wrought-iron  or  steel  annealing  pots  or  boxes,  which, 
when  filled,  are  run  into  a  reverberatory  furnace  and  allowed 
to  remain  there  for  about  twenty-four  hours.  Large  annealing 
pots  hold  18  tons  of  sheets,  each  10  ft.  long.  They  are  charged 
by  piling  up  the  sheets  on  a  base-plate,  over  which  the  inverted 
pot  is  dropped,  the  joint  of  the  cover  and  base-plate  being 
luted  with  clay.  The  whole  is  then  inserted  into  the  furnace, 
and  heated  as  above  ;  the  pot  requires  about  four  days  to  cool 
down  after  withdrawal  from  the  furnace.  Very  much  smaller 
annealing  pots  than  the  above  are  in  use  in  South  Wales. 

Universal  Mills. — The  so-called  universal  or  Belgian  mill 
for  rolling  plates  and  bars  has  two  horizontal  rolls  a  running  in 
standards,  and  geared  together  ;  in  addition  a  pair  of  vertical 
rolls  6,  b  (Fig.  83)  work  in  front  of  the  horizontal  rolls.  The 
top  horizontal  roll  is  balanced  by  counter-weights  c,  after  the 
manner  of  the  plate-mill,  so  as  to  keep  the  roll  against  its  top 
bearing.  The  distance  between  the  rolls  is  regulated  by  screws 
rotated  by  two  hand-wheels  ;  or  the  screws  are  connected  by 
gearing  with  a  shaft  e,  actuated  by  one  wheel  d,  which  is 
rotated  either  by  hand  or  by  steam  power.  The  vertical  rolls 
work  upon  slides,  and  can  be  moved  towards  each  other  or  apart 
from  one  another  by  a  right-  and  left-handed  screw  k^  working 
in  nuts  carried  upon  the  bearings  of  the  two  vertical  rolls, 
and  actuated  by  means  of  the  worm-gearing  h,  moved  by  a 
hand-wheel  m,  which  is  under  control  of  the  workman.  The 
vertical  rolls  are  rotated  from  the  driving  pinion,  g,  of  the 
mill  through  spur  and  bevel  gearing  so  arranged  that  the 
bevel  wheels  slide  along  their  shaft,  and  thus  follow  the  lateral 
movement  of  the  rolls  as  these  are  either  separated  or  brought 
closer  together.    The  work  as  it  passes  through  these  rolls 
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is  compressed  on  the  edge  by  the  vertical  rolls  and  on  the 
flat  between  the  horizontal  rolls  ;  so  that  a  mill  of  this  class 
may  be  employed  for  the  production  of  a  considerable  variety 
of  sections  of  flat  bars  by  simply  adjusting  the  horizontal  and 


Fig  83. — Universal  or  Belgian  Rolling  Mill. 

vertical  rolls  to  the  thickness  and  width  respectively  of  the 
bars  required. 

Speed,  etc.,  Mills. — The  size  and  speed  of  mills  vary  with 
the  work  to  be  done.  Reversing  mills  for  rolling  heavy  plates 
with  rolls  of  from  20  in.  to  36  in.  in  diameter  make  only  25  to 
30  revolutions  per  minute,  the  smaller  mills  for  merchant  bars  or 
guide  iron,  with  rolls  from  12  in.  to  18  in.  in  diameter,  generally 
run  at  the  rate  of  from  80  to  125  revolutions  per  minute ;  the 
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still  smaller  mills,  such  as  those  for  rolling  billets  into  wire, 
with  rolls  from  8  in.  to  12  in.  in  diameter,  run  at  from  250  to 
500  revolutions  per  minute.  The  roughing  rolls  in  reversing 
mills  for  rolling  iron  rails,  and  having  rolls  from  20  in.  to 
24  in.  in  diameter,  run  at  about  30  revolutions  per  minute, 
the  speed  being  much  higher  when  the  mill  is  non-reversing. 
Mills  rolUng  steel  usually  run  25  per  cent,  or  30  per  cent,  faster 
than  the  corresponding  mills  working  upon  iron,  and  owing 
to  the  much  lower  temperature  to  which  steel  is  heated,  more 
power  is  required  for  rolUng  a  given  section  in  steel  than  in 
iron.  It  may  be  noted  that  in  rolhng  rails,  when  the  rail 
leaves  the  finishing  rolls  it  is  carried  along  upon  a  series  of 
five  power-operated  rollers  in  the  floor  to  a  circular  saw 
8  ft.  in  diameter,  where  the  ends  are  cut  square  and  to  the 
exact  length.  After  the  rails  have  become  cold,  they  are 
straightened  in  a  horizontal  straightening  press,  and  then 
passed  on  for  drilling  at  each  end  under  double -drilling 
machines,  as  required  for  the  fish-bolts. 

The  usual  time  occupied  in  England  in  rolling  a  double 
length  of  steel  rail  with  six  roughing  and  five  finishing  passes 
is  a  little  more  than  two  minutes.  In  the  American  mills, 
driven  feed-rollers  Hke  those  just  mentioned  for  receiving 
the  rail  from  the  mills  are  employed  both  in  front  and  in 
the  rear  of  the  rolls  wherever  heavy  work  is  manipulated. 

The  slitting  mill  for  the  production  of  "  sUt "  or  "  nail 
rods  "  consists  of  a  pair  of  rolls,  housed  in  the  usual  manner, 
but  made  to  act  as  a  compound  shearing  machine,  for  which 
purpose  collars  acting  as  circular  cutters  are  turned  upon 
the  rolls,  or  separate  steel  collars  or  discs  are  fitted  upon  a 
spindle  or  arbor  with  stops  between  them.  The  discs  on 
the  upper  roll  falHng  into  the  space  or  groove  between  the 
collars  on  the  lower  roll,  but  leaving  sufficient  space  for  the 
thickness  of  the  metal.  Flat  bars  are  divided  or  cut  during 
their  passage  through  the  rolls,  and  are  delivered  at  the  rear 
of  the  mill  as  a  series  of  bent  and  twisted  strips  or  rods  of 
rectangular  section,  requiring  to  be  straightened  by  hand 
and  made  into  bundles,  when  they  are  ready  for  sale  to  the 
nail  forgers.  The  bars,  on  entering  the  slitting  mill,  are 
steadied  by  guides,  and  the  cutters  are  cooled  by  water  con- 
tinually running  over  them. 

Mill  Engines. — Rolling-mill  engines  vary  considerably  in 
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type  and  power ;  they  are  made  direct-acting,  high-press- 
ure, either  non-condensing,  condensing,  or  compound,  while 
both  vertical  and  horizontal  types  are  employed ;  but 
non-reversing,  high-pressure,  non-condensing  engines  with 
heavy  fly-wheels  are  usually  adopted  for  the  smaller  mills 
rolling  merchant  and  guide  iron  in  two-high  or  three-high 
mills  ;  whilst  for  the  heavy  mills  producing  iroii  and  steel 
plates,  rails,  heavy  angles,  sections,  and  the  like,  reversing 
mills  are  the  more  usual. 

Reversing  mills  are  usually  driven  by  horizontal  engines 
either  of  the  high-pressure  or  of  the  compound  type  ;  such 
engines  being  fitted  with  either  friction  clutches,  hydraulic 
clutches,  differential  gear,  etc.,  the  rolls  can  be  reversed 
whilst  the  engine  moves  constantly  in  the  same  direction  ; 
or,  as  is  more  general,  the  engine  itself  for  reversing  mills  is 
reversed  at  each  pass  of  the  work  between  the  rolls,  according 
to  the  plan  introduced  by  Mr.  Ramsbottom,  and  hence  gener- 
ally known  as  the  Ramsbottom  reversing  mill  engine,  but  it 
is  altered  or  modified  to  suit  the  special  conditions  of  different 
mills.  Reversing  engines  are  now  made  also  somewhat 
extensively  upon  the  compound  t3rpe. 

Piling  Bars. — The  method  observed  in  building  up  or  piling 
the  bars  and  slabs  of  malleable-iron  into  packets  or  piles  for  re- 
heating and  welding  together  into  a  solid  mass  varies  for  every 
class  and  quality  of  work.  For  the  production  of  No.  2  merchant 
iron  the  bars  of  No.  1  are  cut  up  into  lengths,  and  the  pieces 
so  obtained  are  piled  into  a  stack  some  6  in.  or"  8  in.  square, 
from  30  in.  to  40  in.  long,  and  about  4  cwts.  in  weight.  The 
joints  of  the  several  bars  do  not  fall  one  above  the  other, 
but  always  cross  or  break  joint.  The  pile  so  formed  is  held 
together  by  an  iron  hoop,  and  after  being  raised  to  a  welding 
heat  in  the  reheating  or  balling  furnace,  the  pile  is  passed 
through  grooved  rolls  in  the  manner  described  ;  or  the  welding 
together  may  be  effected  by  hammering  and  subsequently 
drawing  the  hammered  bloom  into  bars  by  means  of  a  bar 
or  guide-mill.  For  smaller  bars  the  piles  of  about  100  lbs. 
each  are  only  about  18  in.  long  and  from  3  in.  to  4  in.  square, 
formed  from  flat  bars  about  j  in.  thick ;  but  billets  are 
more  generally  used  for  these  smaller  sizes. 

For  making  iron  plates  the  pile  is  formed  by  placing  the 
bars  in  layers,  each  layer  crossing  the  underneath  one  ;    the 
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top  layer  is  covered  like  the  bottom  with  a  slab  about  IJ  in. 
in  thickness,  and  of  a  length  and  width  suitable  to  the  dimen- 
sions of  the  particular  plate  which  it  is  designed  to  produce. 
Scrap  and  crop-ends  are  also  built  up  along  with  the  puddled 
bar  in  these  piles. 

For  iron  rails,  about  18  or  20  pieces  of  puddled  bar,  each 
about  3  in.  wide  and  f  in.  thick,  are  arranged  along  with 
scrap-iron  in  the  middle  of  the  pile,  while  the  top  and  bottom 
iron  slabs  are  formed  either  of  a  plate  of  No.  2  iron  from 
6  in.  to  7  in.  wide  and  1  in.  thick,  or  of  a  puddled  bloom  which 
has  been  already  doubled  over  upon  itself,  and  previously 
rewelded.  In  rolling  such  a  pile  it  must  be  so  passed  through 
the  various  holes  of  the  rolls  that  these  top  and  bottom  plates 
are  eventually  rolled  into  the  two  heads  of  the  rail. 

For  producing  small  round  or  square  bars  of  merchant 
iron,  the  piles,  after  heating  and  hammering  or  rolling  into 
square  bars  of  1 J  in.  or  2  in.  square,  are  cut  under  the  cropping 
shears  into  billets  of  from  12  in.  to  24  in.  in  length,  and  these 
billets  are  afterwards  reheated  and  then  rolled  in  the  finishing 
rolls  into  small  bars. 

It  is  usual  to  form  the  top  and  bottom  members  of  piles 
of  single  bars  or  slabs,  because  butt  joints  imless  covered  by 
other  bars  or  plates  do  not  weld  properly.  Thus,  in  piles 
for  rails  the  top  and  bottom  layers  were  formerly  made  up 
of  slabs  produced  by  the  doubling  over  and  welding  together 
under  the  hammer  of  two  or  more  puddled  blooms,  without 
the  same  having  been  previously  rolled  into  bars  in  the  pud- 
dling mill ;  but  the  hammered  blooms  so  produced  were 
reheated  and  rolled  into  the  desired  slabs.  The  ends  of  the 
bars,  also  because'  of  the  difiiculty  of  welding,  should  be  cut 
square,  and  the  bars  should  be  as  free  as  possible  from  scale, 
dirt,  rust,  or  other  foreign  matters  which  interfere  with  the 
welding,  and  consequently  with  the  homogeneity  of  the 
finished  bar.  The  piles,  as  formerly  made  in  South  Wales, 
for  rolUng  into  rails  weigh  about  15  cwts.  each,  and  four  of 
these  are  placed  at  one  time  into  the  reheating  furnace,  and 
afterwards  rolled  into  blooms,  which  are  then  again  reheated, 
and  again  passed  to  the  mill.  In  nine  passes  through  the 
rolls  such  blooms  become  finished  rails  ready  for  cutting  to 
length,  and  subsequently  drilling  or  punching  for  the  fish- 
plate bolts. 
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Shearing  the  Bars. — The  crop-ends  of  rails,  angles,  heavy 
seetiona,  bars,  etc.,  are  cut  off  immediately  th?  work  leaves 
the  rolls,  the  metal  being  still  hot.  The  rail  is  drawn  from 
the  rolls  to  the  front  of  a  circular  saw  of  from  4  ft.  to  8  ft 
in  diamet  r,  running  at  the  rate  of  from  800  to  1,200  revolu- 
tions per  minute.    The  saw  is  carried  in  a  swinging  framn 


Fig.  84.— Shears  for  CuttinK  up  Puddled  Bars  and  Slabs. 

which  can  be  moved  out  towards  the  work  by  a  rack  and 
pinion  arrangement  controlled  by  the  workman,  which  thus, 
amid  a  shower  of  sparks,  rapidly  cuts  across  the  work,  leaving 
the  ends  comparatively  clean  and  square. 

Fuddled  bars  (Fig.  84)  are  also  generally  sheared  hot  with 
crocodile  shears  into  lengths  suitable  for  piling,  etc.,  and  these 
shears  are  likewise  employed  for  cutting  up  the  bars  that  are 
not  out  up  by  the  hot  saws,  as  also  for  cutting  off  the  rough  or 
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crop  ends  o£  puddled  finished  or  other  bars  Occasionally, 
(or  dressing  the  sides  and  edges  of  plates  and  sheanng  them 
to  aize  are  used  larger  and  broader  faced  guillotine  shears 
(Figs  85  and  86)  For  the  smallest  and  lightest  plates  or 
sheets  the  crocodile  or  alhgator  shears  are  still  m  use 

The  crocodile   cropping  or  alligator  shears — three  names 
tor  the  same  tool — has  two  jaws   the  lower   d  (Fig   8ti),  of 


Fi(i:   85 — Pl&te  Shearing  Mfichine   Front  EleTation 

which  IS  fixed  and  foims  part  of  the  cast  iron  foundation  ot 
is  secured  to  it  whilst  the  other  jaw  e  oscillates  on  a  pin 
passing  through  the  jaw  and  supported  in  bearings  on  the 
casting  ot  the  lower  jaw  The  upper  jaw  e  has  the  form 
of  a  heavy  straight  or  bent  lever  one  end  of  which  is  £tted 
with  a  blade  f  of  steel  hardened  on  the  edge  to  act  as  the 
cutter  whilst  the  end  of  the  lever  on  the  opposite  side  of  the 
beanng  is  coupled  by  a  connecting  rod  G  with  a  crank  h, 
or  with  an  eccentric      ^ith  the  heavier  shears  it  is  i.sual 
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to  derive  the  power  from  a  small  independent  engine,  upon 
whose  shaft  is  a  crank  which  is  coupled  by  a  connecting  rod 
with  the  end  of  the  moving  jaw  of  the  shears.  The  lower 
jaw  also  has  a  cutting  edge  of  hardened  steel,  which  works 
opposite  to  the  blade  on  the  fixed  jaw,  and  these  knives  are 
readily  replaced  as  they  wear  out.  Fig.  86  shows  a  crocodile 
shears  as  applied  to  a  powerful  plate  shears,  where  it  is  em- 
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Fig.  86. — Plate  Shearing  Machine,  with  Crocodile  Scrap  Shears 

Attached,  End  Elevation. 

ployed  for  cutting  up  the  scrap  produced  from  the  shearing 
of  plates,  etc. 

A  form  of  powerful  guillotine  shears  which  has  replaced 
somewhat  the  older  crocodile  shears,  is  represented  in  Fig.  85. 
This  machine  cuts  on  each  side  of  the  centre,  having  two 
pairs  of  blades,  a,  a^,  driven  from  cranks  at  either  extremity 
of  the  same  shaft,  b,  exactly  in  the  manner  of  the  ordinary 
shearing  machine. 

The  shearing  machine  shown  by  Figs.  85  and  86  is  em- 
ployed for  shearing  heavy  plates.  It  has  a  cast-iron  frame- 
work, made  in  halves  and  bolted  together.  On  the  face  of 
the  standards,  and  working  upon  prepared  surfaces,  is  the 
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apron  or  slide  b,  in  the  lower  edge  of  which  is  fitted  the  steel- 
faced  cutter  h.  The  lower  cutting  edge  makes  an  acute, 
angle  with  the  horizontal  lower  cutter  c  (Fig.  86)  carried 
by  the  fixed  foundation.  Across  the  front  of  the  machine, 
and  working  in  brass  bushed  bearijigs,  is  a  steel  shaft  d, 
upon  which  are  forged  two  eccentrics,  connected  by  powerful 
straps  and  Hnks  e  with  the  top  of  the  sUde,  which  thus  ascends 
and  descends  as  the  shaft  ^evolves.  At  one  end  of  the  machine 
is  an  engine  with  a  heavy  fly-wheel  /,  and  the  power  is  trans- 
mitted between  the  engine  shaft  and  the  eccentric  shaft  d 
through  heavy  spur  or  helical  gearing,  as  shown.  The  sHde 
or  apron  b  is  fitted  with  a  stop  motion  worked  by  the  handle 
y  so  as  to  prevent  the  descent  of  the  sHde,  whilst  a  heavy 
plate  is  being  moved  forward  and  properly  set  after  the  last 
cut.  Such  a  machine  can  shear  through  cold  iron  plates 
\\  in.  thick ;  the  sHde  is  from  7  ft.  to  11  ft.  long,  and  the 
inner  faces  of  the  two  standards  are  from  5  ft.  to  9  ft.  apart. 

Guillotine  shears  of  this  type,  but  very  narrow  across 
the  face — that  is,  between  the  sides  of  the  machine — are 
used  for  cutting  up  hot  steel  ingots  or  blooms  of  from  3  in. 
to  10  in.  square,  into  the  lengths  required  for  rolUng  into 
baiti,  etc. 

Reheating  Furnaces. — The  furnaces  are  known  as  heating 
or  reheating  furnaces.  They  are  of  several  kinds  :  (1)  open 
fire,  as  used  in  conjunction  with  the  finery  ;  (2)  the  hollow 
fire,  as  employed  in  South  Wales  for  reheating  the  piles  or 
stamps ;  (3)  the  reverberatory  furnace  or  mill  furnace  fired 
with  coal  as  usually  constructed  for  mill  purposes  for  reheating 
iron  or  steel  for  the  hammers  or  rolls ;  (4)  gas  fired  furnaces. 

The  forge  reverberatory,  or  balHng  furnace,  is  generally 
arranged  to  burn  raw  coal  or  other  soHd  fuels  upon  its  own 
grate-bars  ;  whilst  the  reheating  furnaces  for  the  mills  and 
forging  hammers  are  frequently  replaced  by  furnaces  burning 
gaseous  fuel. 

The  reheating,  mill,  or  balHng  furnace,  adapted  to  the 
consumption  of  raw  fuel  direct  upon  its  own  grate,  resembles 
externally  an  ordinary  puddHng  furnace.  It  is  supported 
externally  (see  Fig.  87)  by  cast-iron  plates  and  buck-staves  a 
secured  from  side  to  side  and  from  end  to  end  bv  wrought- 
iron  tie-rods  passing  over  the  top  and  secured  to  the  plates 
by  nuts  on  the  screwed  ends  of  the  tie-rods.     The  balling 
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furnace  has  a  smaller  area  ol  gtate-bats  than  the  puddling 
furnace  in  proportion  to  the  area  of  its  bed  ;  the  chimney  b 
is  also  a  little  higher.  The  furnace  bottom  is  formed  of 
sand,  oxide  of  iron,  fire  clay,  or  basic  slag,  on  the  top  of  a 
fire-brick  lining.  This  type  of  furnace  is  employed  more 
particularly  in  iron  works  for  raising  to  a  welding  heat 
the  piles  of  puddled  bar  or  the  higher  grades  of  malleable-iion, 
previous  to  the  rewclding  of  the  sajne  under  the  hammer,  or 
in  the  mill  rolls. 

Balling  furnaces  as  used  in  the  South  Wales  forges  have 
the  hearth  bottom  made  ol  cast-iron  plates  fixed  about  14  in. 
below  the  working  door,  and  upon  this  is  laid  a  course  of 


Fig.  87. — Reheating'  oi  Balling  Famace,  Sectional  Elevatibr, 

fire-bricks  upon  which  the  working  bottom  is  made  by  well 
ramming  in  sand  in  a  moist  state.  The  bottom  or  bed  c 
slopes  uniformly  from  the  working  door  d  (Fig.  »7)  to  the 
back  of  the  hearth,  as  also  from  the  fire-bridge  g  to  the  stack 
b.  The  fire-bridge  is  built  about  0  in.  wide,  and  reaches  to 
within  about  14  in.  of  the  roof,  and  the  chimney  or  flue-end 
of  the  hearth  is  rounded  off,  and  slopes,  as  shown  (Fig.  87), 
towards  the  bottom  of  the  stack.  The  cinder  from  the  hearth 
thus  flows  along  this  fine  to  the  tap-hole  h  at  the  base  of  the 
stack,  and  the  tap-hole  is  prevented  from  closing  up  by  the 
cooling  and  solidification  of  the  slag  or  cinder  within  it  by 
keeping  a  small  fire  constantly  burning  in  front  of  it.  The 
stoking-hole  k  is  closed  or  stopped  after  firing  by  introducing 
lumps  of  coal  into  the  opening,  and  then  throwing  a  shovelful 
of  coal  slack  over  them  just  as  is  done  with  the  puddling 
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furnace,  whilst  the  draught  is  maintained  and  regulated  to 
the  requirements  of  the  furnace  by  a  stack,  upon  the  top  of 
which  is  a  damper  suspended  from  one  end  of  a  lever,  from 
the  other  end  of  which  hangs  a  rod  reaching  to  the  floor  level. 
The  height,  as  given  above,  of  the  roof  from  the  bed  of  the 
furnace  is  adapted  to  the  production  of  merchant  iron  of 
ordinary  sizes,  but  for  the  heating  of  large  slabs  or  forgings 
the  roof  may  be  raised,  and  the  size  of  the  doors  increased 
considerably.  In  some  furnaces,  also,  the  cast-iron  bed-plates 
are  not  introduced,  in  which  case  the  sand  bottom  is  pre- 
pared by  ramming  sand  into  a  bottom  of  rubble  masonry. 

Gas  furnaces  are  very  largely  used  for  reheating.  They 
are  usually  of  what  is  called  the  Siemens  new  type,  in 
which  there  are  only  two  regenerators — those  for  air,  part  of 
the  products  of  combustion  being  sent  through  the  gas  pro- 
ducer, which  is  attached  to  the  furnace.  The  gas  enters  and 
the  products  of  combustion  are  drawn  off  at  the  same  side. 
These  and  the  other  types  of  gas  furnace  will  be  fully 
described  in  the  companion  volume  on  "  Steel." 

The  workman,  or  "  bailer,"  introduces  the  charges  of 
piles  into  the  balling  furnace  with  the  assistance  of  a  heavy 
bar  called  a  "  peeler."  The  flattened  end  of  the  peeler  rests 
during  the  time  of  charging  upon  the  sill  of  the  furnace  door, 
where  the  smaller  piles  are  placed  upon  it ;  in  dealing  with 
heavier  packets  the  peeler,  with  the  pile  upon  it,  is  carried 
upon  a  bogie,  which  deUvers  it  at  the  height  of  the  furnace 
door.  The  peeler  with  its  pile  is  pushed  into  the  furnace, 
and  the  peeler  is  withdrawn,  leaving  the  pile  standing  across 
the  furnace  parallel  with  the  fire-bridge.  For  making  mer- 
chant bars,  four  such  piles  are  inserted  into  the  furnace  at 
one  charging,  care  being  taken  not  to  disturb  the  arrange- 
ment of  the  bars.  The  charge  is  called  a  "  heat,"  and  instead 
of  four  piles  making  up  the  heat,  sixteen  or  eighteen 
smaller  piles  are  frequently  introduced  in  one  heat.  When 
the  charging  is  completed,  the  door  is  lowered  into  position, 
and  a  shovelful  of  coal  is  thrown  around  it  to  prevent  the 
admission  of  air.  The  temperature  of  the  furnace  is  then 
raised  by  cleaning  the  grate-bars,  adding  more  fuel  through 
the  stoking  door,  re-stopping  the  latter  with  coal,  and  then 
raising  the  chimney  damper.  In  this  manner  large  piles 
will  attain  to  a  welding  heat  in  about  one  hour,  and  small 
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ones  in  thirty  minutes  ;  they  are  withdrawn  from  the  furnace 
with  tongs  and  drawn  forward  on  to  a  bogie  in  front  of  the 
door,  which  is  run  rapidly  to  the  rolls,  through  which  the 
dripping  pile  is  at  once  passed.  When  all  the  piles  have  been 
withdrawn,  the  furnace  bottom  is  usually  shghtly  repaired 
by  introducing  a  little  sand,  and  then  all  is  ready  for  the 
introduction  of  another  heat.  The  withdrawal  of  the  charge 
and  repair  of  the  bottom  usually  occupy  from  fifteen  to 
twenty  minutes. 

During  reheating,  piles  or  ingots  are  moved  about  sUghtly 
to  facihtate  more  rapid  and  uniform  heating  over  the  whole 
surface  of  the  mass.  As  the  mass  approaches  a  welding 
heat  the  iron  rapidly  oxidises  and  scales ;  the  scale  falls 
to  the  bottom  of  the  furnace,  where  it  combines  with  the 
silica  or  sand  of  the  bottom  with  the  production  of  a  readily 
fusible  slag  or  cinder,  which  flows  away  freely  to  the  bottom 
of  the  stack,  subsequently  escaping  through  the  tap-hole. 
The  flue-cinder,  or  mill  furnace  slag,  thus  produced  is 
essentially  a  ferrous  silicate,  containing  from  50  per  cent, 
to  60  per  cent,  of  ferrous  oxide,  representing  from  40  per 
cent,  to  45  per  cent,  of  metallic  iron,  the  other  constituents 
of  the  cinder  being  about  30  per  cent  of  silica,  with  small 
percentages  of  ferric  oxide,  manganous  oxide,  alumina,  lime, 
magnesia,  sulphur,  and  phosphoric  anhydride. 

The  consumption  of  coal  in  the  production  of  No.  2  mer- 
chant iron  from  the  ore,  including  that  consumed  in  the 
calcination  and  smelting  of  the  ore,  the  puddHng  of  the  pig- 
jron,  and  the  reheating  for  rolUng  into  No  2  quality  of  iron, 
is,  roughly,  about  four  times  the  weight  of  the  bars  produced  ; 
and  there  is  an  additional  consumption  of  from  9  cwts.  to 
10  cwts.  of  coal  per  ton  for  each  additional  piling  and  reheating 
necessary  for  the  production  of  each  higher  grade  of  merchant- 
able iron  ;  so  that  to  make  treble-best  iron  nearly  6  tons  of 
coal  are  consumed  per  ton  of  bars. 

The  yield  of  merchantable  iron  per  ton  of  pig-iron  treated 
differs  with  the  locality,  the  quahty  of  the  pig,  the  skill  of 
the  workman,  and  the  quality  of  iron  produced,  or  the  number 
of  separate  pilings  and  reheatings  to  which  it  has  been  sub- 
mitted ;  but  the  average  loss  in  the  Staffordshire  district 
is  about  25  per  cent.,  and  in  South  Wales  it  is  somewhat 
greater.     Thus  the  loss  in  the  Dudley  district  of  Staffordshire 
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between  the  pig-iron  treated  and  the  puddled  bars  produced 
is  about  10  per  cent,  or,  more  accurately,  24  cwts.  of  pig-iron 
usually  jdeld  22  cwts.  of  puddled  bars,  while  22J  cwts.  of  the 
latter  are  required  to  produce  a  ton  of  merchant  bar. 

In  the  gas  furnace  the  temperature  is  more  under  control, 
and  there  is  a  greater  purity  of  flame  upon  the  hearth  than 
is  possible  in  furnaces  consuming  raw  coal  upon  the  ordinary 
grate-bars.  Further,  an  oxidising,  neutral,  or  reducing 
atmosphere  can  be  maintained  in  the  heating  chamber  of 
the  furnace  according  as  more  or  less  atmospheric  air  is 
admitted  for  the  combustion  of  the  producer  gases,  and  the 
loss  of  metal  from  oxidation  is  thereby  diminished.  This 
economy  in  the  reheating  of  IJ-in.  iron  billets  for  the  pro- 
duction of  iron  wire  has  amounted  to  about  5  per  cent.  In 
the  gas  reheating  furnace  the  loss  from  oxidation  does  not 
exceed  2*5  per  cent,  of  the  metal  charged,  but  with  the  ordinary 
coal  furnace  the  loss  is  nearly  7  per  cent.  With  steel,  how- 
ever, the  direct  economy  is  less,  since  the  temperatures  em- 
ployed are  lower  and  the  oxidation  and  waste  are  therefore 
less  active,  whether  coal  or  gas  furnaces  be  employed.  There 
is  a  total  absence  of  smoke  in  working  the  gas  furnace. 

The  use  of  the  gas-producer  instead  of  the  ordinary  grate 
permits  of  the  consumption  of  inferior  classes  of  fuel,  such 
as  coal  slack,  anthracite  culm,  and  every  variety  of  bituminous 
or  semi-bituminous  coals,*  lignites,  peat,  air-dried  wood,  etc. 
The  ga;^-producer  means  a  saving  in  the  fuel  consumption,  and 
a  more  uniform  heat.  The  contact  of  the  fuel  with  the  highly 
heated  lining  of  the  furnace  is  prevented,  and  therefore  less 
repairs  and  longer  campaigns  are  possible. 
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Table  of  Atomic  Weights. 


Element, 

0  =  16 

Approx, 

Aluminium 

Al 

27-1 

27 

Antimony- 
Arsenic 

Sb 
As 

120-2 
750 

120 
75 

Barium 

Ba 

137-4 

137 

Bismuth 

Bi 

208-5 

208J 

Bromine 

Br 

79-96 

80 

Cadmium 

Cd 

112-4 

112 

Calcium 

Ca 

401 

40 

Carbon 

C 

120 

12 

Chlorine 

CI 

35-45 

35. i 

Chromium 

Cr 

521 

62 

Cobalt 

Co 

69-0 

59 

Copper 
Fluorine 

Cu 
F 

636 
190 

63^ 
19 

Gold 

Au 

197-2 

197 

Hydrogen 
Iodine 

H 
I 

1-008 
126-85 

1 
126  J 

Iron 

Fc 

65  9 

66 

Lead 

Pb 

206-9 

207 

Magnesium 

Mg 

24-36 

24 

Element. 

1 
0  =  16 

Manganese 

Mn 

65-0 

Mercury 

Hg 

2000 

Molybdenum 

Mtf 

96-0 

Nickel 

Ni 

68-7 

Nitrogen 

N 

1404 

Phosphorus 

P 

31-0 

Platinum 

Pt 

194-8 

Potassium 

K 

3915 

Silicon 

Si 

28-4 

Silver 

Ag 

107-93 

Sodium 

Na 

23-05 

Strontium 

Sr 

87-6 

Sulphur 

S 

32-06 

Tin 

Sn 

1190 

Titanium 

Ti 

48-1 

Tungsten 

W 

1840 

Uranium 

u 

238-5 

Vanadium 

V 

61  2 

Zinc 

Zn 

66-4 

Approx. 

56 
200 

96 

68J 

14 

31 
1941 

39 

28 
108 

23 

87i 

32 
119 

48 
184 
238i 

61 

65 


For  all  metallurgical  calculations  only  the  approximate  atomic  weights 

need  be  taken. 


USEFUL   TABLES,  ETC.  245 

Problem  I. — From  the  formula  of  a  substance  to  find  its  molecular  weight 
and  percentage  composition. 

Solution, — 1.  Write  down  the  formula.  2.  Multiply  the  atomic  weights 
by  the  number  of  atoms  present.  3.  Add  the  resulting  numbers. 
4.  From  this  molecular  weight  find  the  proportion  of  each  element  in 
100  parts. 

Example. — Find    the    percentage    composition    of    ferrous    cirbonate. 
Formula  is  FeCOs.-.  Fe=:56x  1  =  56  .-.  %  =  66xl00-i-  116  =  4828 

C   =12x1  =  12.-.  %=12xl00-r  116  =  1037 
03=16x3  =  48.-.  %  =  48xl00-^  116  =  4135 


.'.  Molecular  weight  =  116.  100-00 

Problem  II. — From  the  percentage  composition  of  a  substance  find  its 
empirical  formula. 

Solution. — 1.  Divide  the  percentage  of  each  element  by  its  atomic  weight. 
2.  Divide  each  quotient  by  the  lowest  number.  3.  Allocate  the 
factors. 

Example. —Ymidi  the  formula  of  a  substance  containing  the  following 
percentages : 

At.  wt  Ratio. 

Sulphur  (S)  =  22-53  -r  32  =  0-704  =  -704  x  1  =  1 
Sodium  (Na)  =  32  39  4-  23  =  1-408  =  -704  x  2  =  2 
Oxygen  (O)  =  45*06  -r  16  =  2-817  =  -704  x  4  =  4 

Formula  is  Na^SO^. 


•  • 


Problem  III. — Find  the  weight  of  a  substance  formed  from  a  given  weight 

of  a  known  substance. 

Solution. — 1.  Write  down  the  equation  representing  the  reaction. 
2.  Write  the  weights  of  the  substances  under  the  formula.  3.  Cal- 
culate by  simple  proportion. 

Example. — Find  what  weight  of  tri-manganese  tetroxide  will  be  formed 
on  calcining  one  ton  of  manganese  carbonate ;  also  the  loss  per  cent. , 
and  hence  the  percentage  increase  of  manganese. 

Equation :  3  MnCO,  +  0  =  Mn304  +  3  COg 

Weights:    3   (56  +  12  +  48)  parts  yield  (65  x  3  +  16  x  4)  and  lose 
3  (12  +  16  X  2)  on  heating. 

Simplifying :  345  parts  yield  229  parts  and  lose  116  parts  on  heating. 

Proportionately:  2,240  lbs.  form  229  x  2,240  -r  345=  1,493  lbs.  = 
13  cwts. 

Loss  per  100  parts  =  116  x  100  -^  345  =  33623. 

Percentage  of  manganese  229  x  100  -^  346  =  66-377. 
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The  percentage  of  maoganese  increases  from  165  x  100  -^  345  in  the 
carbonate  to  165  x  100  ^  229  in  the  oxide;  i.e.  from  47*826  to 
72052  on  calcining. 

Hence  percentage  increase  of  manganese  =  229  x  100  4-  345  = 
66-377  %.  From  this  the  factor  for  Mn804  from  MnCOs  is  got, 
viz.  -66  (approximately). 


Some  Useful  Factors. 


Given  Unit 
Weight  of 

To  find  the 

ATwmnt  oj 

Present. 

Proportion. 

Factor, 

To  find 
Amount  oj 
^Obtainable. 

Proportion. 

Factor, 

FeCOs 

Fe 

56- 

rll6  = 

•4828 

FeO 

72-^116== 

0-6207 

FeSj 

Fe 

56- 

r]20  = 

•4667 

1    FeA 

160 -r  240  = 

0-6667 

Fe304 

Fe 
Fe 

168- 

=-232  = 

•7241 

FeO 

2164-232  = 

6-9310 

FegOs 

112- 

1-160  = 

•7000 

FeO 

144-^160=: 

0-9000 

FeO 

Fe 

56-; 

-72  = 

•7778 

Fe^Oa 

160-^144=: 

1-1111 

CaCOa 

Ca 

40-; 

-100  = 

•4000 

CaO 

56 -=-100= 

0-5600 

1 

CaS 

Ca 

40-; 

-72  = 

-5556 

CaO 

56-^72   = 

0-7778 

MiiCOs 

Mn 

55- 

^115  = 

•4786 

MnjO^ 

229 -^  345  = 

0-6638 

MiiO 

Mn 

55- 

r71    = 

•7747 

Mn304 

229-r213  = 

10761 

MgCOa 

Mg 

24- 

^84  = 

-2857 

MgO 

40-^84   = 

0-4762 

PA 

P 

62- 

■-142  = 

•4366 

SO3 

S 

32- 

^80   = 

•4000 

SO3 

64-^80  = 

0-8000 

SO, 

S 

32- 

■-64  = 

-5000 

SO3 

80-^64  = 

1-2500 

Although  the  fourth  decimal  place  is  indicated,  only  the  third  significant 

figure  need  be  taken  as  an  approximation. 
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IRON. 


Useful  Factors  in  Calculating  Blast  Fuknace  Chakoes  Based  ox  Fouming 

MONOSILICATES  2  RO,  SiOo. 


To  find 

Required  tu 

Combine 

tuith  one 

part  of 

To  Form  Mono- 
silicate. 

Proportion. 

Factor. 

Reciprocal^ 

i.e.  Factor 

for  Silica 

Jor  1  Part 

of  Base. 

JAme 
Equivalent, 

Alumina 

Silica 

2  AiPs,  3  SiOjj 

180 -r  204  = 

•8824 

1133 

w-«- 

Lime 

Silica 

2  CaO,  SiO^ 

60-rll2  = 

•5358 

1-866 

M='<^ 

Magnesia 

Silica 

2  MgO,  SiOa 

• 

60-J-80   = 

•7500 

1-333 

|«  =  1.400 

TVfanganous 
Oxide 

Silica 

2  MnO,  SiOj 

60-^142  = 

•4226 

2367 

°j -0-7886 

Iron 

Silica 

2  FeO,  SiOa 

60-^112  = 

•5358 

1-866 

f  =  1000 
56 

Ferrous 
Oxide 

Silica 
Sulphur 

2  FeO,  SiOo 

60-^144  = 

•4167 

2-400 

•  •  • 

||  =  0-7778 

Tiime 

CaS 

56H-32  = 

1.75 

•  •   • 

One  half  of  the  manganese  in  the  ore  passes  into  the  iron  along  with  all  the 

phosphorus. 

The  pig-iron  formed  is  usually  assumed  to  contain  92  %  of  metallic  iron, 

with  2-5  %  of  silicon. 

Practically  all  the  sulphur  in  the  ore  passes  into  the  slag  as  calcium  sulphide  (CaS) 


INDEX. 


Abel's  Oarbide,  44 

Acid  Material  Defined,  21 

Alexander  and  M'Gosh's  Plant  For 

Becovering  Tar,  ""d? 
Alloy ek  Obrome,  73 

,  Iron,  51-53 

,  Hancranese.  73 

.  Pi^-iron,  73 

,  Silicon,  73 

Aluminium,  53 
Aluminous  Iron  Ores,  38 
American  Iron  Ores,  37 
Ammonia   Becoyered   from   Goal, 

167,    170 
Anhydride,  Ferric,  43,  45 
Annealinsr,  11,  231 
Anthracite  as  Fuel,  150 
Antimony,  52 
Argrillaceous  Iron  Ores.  38 
Atomic  Weight  of  Iron,  39 
Weights,  Table  of,  244 


Ballast,  Slag  as.  163 

Bars,  Piling  up.  234,  235 

f  Test  Piece  for,  14 

Basic  Pig-iron,  71,  72 

Bauxite,  97 

Beam  Blowing  Engines,  131,  132 

"  Bear  "  Defined,  127 

Bell  and  Gone  Gharging  Appar- 
atus for  Blast  Furnace,  109, 
110 

Bell  (Sir  Lowthian)  on  Heat  re- 
quired for  Blast  Furnace, 
100,    101 

, ,  on  Reduction  of  Iron, 

162 

Bessemer  Pig-iron,  71 

Best  Iron,  178 

,  Jforkshire  Iron,  213 

Best-best  Iron,  178 

Bituminous  Iron  Ores,  38 

Black  Oxide  of  Iron.  42 

Blackband  Ironstone,  33 

Blair's  Process,  184 

Blast,  Equalising  Temperature 
of.  147,  148 

Furnace   Accessories,   104-128 

Accidents,   162 

,  Air  Supply  for.  137-1^8 

,  Bell  and  Gone  Gharg- 
ing Apparatus  for.  109.  110 


Blast  Furnace,  Bell  (Sir  Low- 
thian), on  Heat  required  for, 
100,  101 

,  Blowing    Engines    for, 

129-  126 

,   Blowing  in,  126,    127 

,  Blowing  out,  127 

,  Building,  108 

by-products,   163-171 

,  Gillespie  Plant  for, 


167 


in,  92 


-.  Garburisation  of  Iron 


-.  Gasting  Machines  for, 
122,  123 

,  Ghanges  in,  89-103 

■ ,  Gharge,  Galculation  of, 

153-156 

• Gharges,    151 

-,  Factors  for  Galcu- 


lating,  248 
-,  Gha  _ 
-,  Ghemical  Ghanges  in. 


89.  90 


-,  Gharging,  111 
al 


-,  Goke-fed,  Washing  Gas 


from,  167 

,  Gyanides  in,  94 


112 


-,  Dry  Air  used  in,  148 
-  with  Dust  Gatcher,  112 

-,  Economy  of,  157,  158 

■ ,  Efficiency  of,  103 

,  Fossiliferous       Lime- 
stone in,  97.  98 

Fuels.    149,   150 

■ Gas,  Analyses  of,  165 

,    Disposal    of,    164- 


166 


113 


-,  Mains  for,   111-113 
-,  Parry   on  use  of. 


109 

.  Gayley  on  Use  of  Dry 

Air  in,  148 

■ ,  Gjer's  Pneumatic  Hoist 

used  with,  125 

,  Heat      Absorption     in, 

102 

,  Hoists  for,  123-126 

,  Hot-air  for,  137 

,  Hot-blast   for,    159-161 

,  Hydraulic     Hoist    used 

with,    125,   126 
,  Lifts  used  with.  124-126 
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Blast  Furnace,  Limestone  in,  97, 
98 

Metal    Mixers    for,    121, 


122 


159 


Neilson's  Hot-blast  for, 


Output,  158,  159 

,  Parts  of,  104-128 

,  Pig  Bed  for,  119-121 

,  Pig-iron  in,  89 

,  Reduction  of  Constitu- 
ents in,  92-94 

,  Reduction  of  Oxide  in, 

90-92 


-,  Scaffolds  in,  128 

,  Scotch,  Gases  from,  166 

—  ,  Slag,     Disposal     from, 

163,  164 

,  Runners  for,  116 

,  Tap   of,   115,    116 

Slags,  96-100,  163 

■ ,  Analyses  of,  98 

,  Colour  of,  99 

.     Physical       Char- 


acter of,  98,  99 

,  Stopping,  127 

,  Tapping,   117-119 

,  Temperature  of,  95 

,  Thermal        Phenomena 

of,  100-102 

,  Tuyeres  for,  116.  117 

,  Variety    of     Iron    pro- 
duced in,   161,  1^2 

,  Working,    149-162 

,  Zones    of    Temperature 

in,  95,  96 

Regulation  for  Blowing  En- 
gines, 135,  136 

,  Temperature  of,  148 

Blende,  33 

Bloomery  Furnaces,  183,  184 
Blowing   in,   Blast   Furnace,   126, 
127 

out,  Blast  Furnace,  127 

Engines,  129-136 

,  Air    required    for,    129, 

130 

,  Arrangement  of,  136 

,  Beam,  131,  132 

,  Blast  Pressure,  136 

,  Regulation         for, 

135,   136 

,  Cockerill,  134 

,  Cylinder  for.  130,  131 

,  Direct-acting,  32,  33 

,  Gas-driven,  134 

,  Parsons'    Turbine  ,  134, 

135 

,  Pyrometers  for,  136 

,  Quarter-crank,  133-134 

,  Turbine,  134,  135 

"  Bog-iron-ore,"  301 

Bowling  and  Lowmoor  Iron,  175 

Bricks,  Fire  {See  Fire-bricks) 

,  Glenboig,  21 

,  Silica,   22 

made  from  Slag,  164 

Briquetting,  87,  88 


Brown  HsBmatite,  29,  30 
"  Bull  Dog,"  50,  196 
By-products  from  Blast  Furnace, 
163-171 


Calcareous  Iron  Ores,  38 
Calcination,  75-79 
Defined,  11,  12 

in  Heaps,  80-82 

of  Iron  Ores.  75-83 

in  Kilns,   82,  83 

between  Walls,  82 

Calorific  Power  Defined,  247 
Campanil,  35 

Carbide,  Abel's,  44 

•  Carbon,    45 

Carbon,  Combined,  45 

and  Iron  Compounds,  44 

on  Malleable  Iron,  173 

in  Pig-iron,  54,  55,  65 

Carbonate,  Ferrous,  31,  47 

,  Ferrous,  Decomposing,  47,  48 

,  Hardening,  45 

Ores,  31 

Carburisation   of    Iron   in   Blast 

Furnace,  92 
Casting  Machines,  123 

,  Uehling,  122,  123 

Cast-iron   (See  also  Pig-iron),  54- 

73 

Defined,  10 

or  Pig-iron,  54-73 

Catalan  Process,  180-184 
Cement  made  from  Slag.  163.  164 
Cementation  Defined,  12 
Cementite,  45 

Charcoal  as  Fuel,  149 
Charges  for  Blast  Furnace,  151 
Chemical   Changes   in   the   Blast 

Furnace,  89,  90 
Chenot  Process  of  Malleable-iron 

Production,  184 
Chloride,  Ferrous,  41 
Chrome  Alloys,  73 

Ores,  27,  28 

Chromic  Oxide,  27 
Chromite,  27,  28 
Chromium,  51,  52 

,  Reduction  of,  93,  94 

Cinder   Pig-iron,   72 

,  Refinery,  Analyses  of,  210 

Clay,  Chemistry  of,  19,  20 

,  Dinas,  21 

,  Fire,  19,  20 

,  for  Fire-bricks,  21-23 

,  Ironstone,  32,  33,  43 

Calcined  between  Walls, 

82 

,  Kaolin,  19 

,  Plasticity  of,  19 

,  Tempering,  22 

Cleveland  Ironstone,  33,  34 

Ore,  79 

"Clinker,"  164 

Coal  as  Fuel.  149.  150 


INDEX, 
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Cobalt,  53 

Oockerill  Blowing  Engine,  134 

Coke  as  Fuel,  149 

Coke-plates,  Producing,  185 

Cold-short  Defined.  12 

Cold-shortness,  174 

Combustion;  Thermal  and  Physi- 
cal Constants,  247 

Condie's  Scotch  Tuyere,  115 

Copper,  52 

in  Pig-iron,  69 

Cort's  Puddling  Process,  192 

Cotton,  Silicate,  164 

Cowper  Stoves,  139-143 

Creosote  Oil,  169 

Cylinder  for  Blowing  Engine,  130, 
131 


Dannemora  Iron,  26 
Davis-Colby  Oas-fired  Ore  Boaster, 

-85 
Dinas  Clay^  or  Bock,  21 
Direct-acting     Blowing    Engines. 

32,  33 
Dolomites,  97 
Doubles,  179 
Dry  Puddling,  206 
Ductility,  Definition  of,  12 
Dunderiand   Ore   and    Briquette, 

88 
Dust  Catcher  for  Blast  Furnace, 

112 


£ggertz  on  Phosphorus  in  Malle- 
able-iron, 175 

Elasticity.  Definition  of,  12,  13 

,  Modulus  of,  13 

Electro  Magnets  for  Separating 
Ores,  86 

Engines,   Blowing,   129-136 

Eutectic  Explained,  49,  50 

Extension  Defined,  14,  15 


Fatigue  Defined,  15 
Ferric  Anhydride,  43 

Oxide  in  Clay,  20 

f —   of  Iron,  42,  43 

Ferriter46 
Ferro-manganese,  28 

,  Reduction  of,  93 

Ferrous  Carbonate,  31,  47 

,  Decomposing,  47,  48 

Chloride,  41 

Silicate,  43 

Sulphide.  48 

••Fettling,"  196 

Fining,  Definition  of  Term,  16 
Fire-brick  Stoves,  139 
Fire-bricks,  21-23 

,  Analyses  of,  23 

-,  Shrinkage  of,  22 


Fire-clay,  19.  20 


Flow  of  Metals,  16 
Flux  Defined,  17 

Ford  and  Moncur  Stove,  145.  146 
Forest    of    Dean    Haematite    Pig- 
iron,  70 
Forge  Machinery,  214-221 

cinder,  78 

Pig-iron,  60 

Bolls,  Revolution  of,  221 

Forge-train,  218-221 
Forgings,  Test  Piece  for,  14 
Foundry  Pig-iron,  71 
Fossiliferous   Jiimestone,  97,  98 
Franklinite,  27 

Fuels  for  Blast  Furnace,  149,  160 
Furnace,    Blast    {See   Blast    Fur- 
nace) 

,  Puddling  (See  Puddling) 

Furnaces,  Reheating,  239-243 
,  Revolving,  205 


Galena,  33 
Ganister,  21 

,  Analyses  of,  23 

Gas  for  Blast  Furnace,  Parry  on, 
109 

from       Coke-fed      Furnace, 

Washing,  167 

,  Density   of,   247 

Kilns,   83,  84 

Mains    for    Blast    Furnace, 

111-113 

,  Plant  for  Washing,  167,  168 

,  Reheating     Furnaces,     241- 

243 

from    Scotch    Coal-fed   Fur- 
naces, 166 

Gas-driven   Blowing  Engines,   134 
Gayley  on  use  of  Dry  Air  in  Fur- 
naces, 148 
Gillespie  By-product  Plant,  167 

,  Products     of,     169- 

171 
Gjers'  Calcining  Kiln,  82.  83 

and  Harrison's  **  Equaliser," 

148 

Pneumatic  Hoist,  125 

Glazed  Pig-iron,  72 
Glenboig  Bricks,  21 

Gold  alloyed  with  Iron,  53 

Gothite,  30 

Graphite,  44 

Gray  Iron,  44,  61,  62 

Haematite,   28-31 

Iron  Ores,  28,  29 

,  Brown,   30 

-,  Red,  29 


-   Pig-iron,  70,  71 
-,  Analyses  of,  70 
-,  Forest  of  Dean,  70 


Hammers,  215-218 

,  Helve  or  Lifting.  216,  217 

,  Steam,    217,    218 

,  Tilt,  216 

Hammer-scale  Iron,  42 
Hardening  Carbon,  46 
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Heat,  Specific,  247 

Unit  Defined,  247 

Helve  or  Lifting  Hammers.  216, 
217 

Hoists  for  Blast  Furnace.  123-126 

HoUey  on  Phosphorus  in  Malle- 
able-iron, 175 

"  Horse  "  Defined,  127 

Hot-air  for  Blast  Furnace.  137 

Hot-blast  for  Blast  Furnace,  159- 
161 

Pig-iron,   64 

Stoves,   137-148 

Husgafrel  Process,  184 
Hydraulic   Hoist,   125,   126 
Hydrochloric     Acid,     Effects     on 

Iron,    41 
Ilmenite,  31 


Iron,  Acids'  Effects  on.  41 

,  Atomic  Weight  of,  39 

,  Forms  of,  9,  10 

,  Magnetism  of,  40,  41 

,  Melting  Point  of,  40 

.  Mill  EoUs  for  Rolling,  222- 

243 

Ore,  16,  17 

,  Magnetic,  26,  27 

,  Spathic,    Analyses    of, 

32 

-,  Titaniferous,  31 


-,  Oxidisation  of,  40 

-  Oxides,  41-44 
-,  Pure,  39 

-  Pyrites,  48,  49 
in  Clay,  20 

-,  Specific  Gravity  of,  40 
-,  Varieties  of,  9,  10 


Iron-glance,  28 
Ironstone,  Blackband,  33 

,  Clay,  32,  33 

,  Cleveland,  33,  34 


Jumbo,"  Tuyere,  115 


Kaolin,  19 

Karsten   on    Hardness   of   MalLe- 

able-iron,  174 
Kidney  Ore,  28 

,  Gas,  83-85 

Kiln,  Gjers'  Calcining,  82,  83 
,  Ore  Calcination  in,  82,  83 


Lattens,  179 

Lancashire  Malleable-iron  Pro- 
cess, 188,  189 

Lanchard  Boilers  for  Puddling 
Furnace,  205 

Ijead,  53 

Lifts,  Blast  Furnace,   124-126 


Lime.  23,  24 

Limestone  for  Fluxing,  Quantity 
of,  154 

,  Fossiliferous,  97,  98 

,  Magnesian,  23 

in  Slags,  97,  98 

Limonite,  29,  30 
Lucigen  Oil,  169 


Machinery  Forge,  214-221 
Magnesian  Limestone,  23 
Magnesite,  23 

Magnetic  Concentration  of  Ores, 
85 

Iron-ore,  26,  27 

Oxide,   41 

of  Iron.  42 


Pyrites,  49 

Separation  of  Ores,  85 

Magnetism  of  Iron,  40,  41 
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PREFACE. 


Steel  :  its  Vakieties,  Peopeeties,  and  Manufacture,  con- 
tains, in  a  form  convenieDt  for  everyday  use,  a  comprehensive 
treatise  on  the  subject.  The  contents  of  this  manual  are  based 
on  the  highly  esteemed  book  written  by  the  late  William  Henry 
Greenwood. 

Without  omitting  any  essential  part  of  the  original  work 
the  matter  has  been  revised,  entirely  rewritten,  and  brought  up 
to  date  by  Mr.  A.  Humboldt  Sexton,  F.I.C,  F.C.S.,  Professor  of 
Metallurgy  in  the  Glasgow  Technical  College.  Needless  to  say 
many  and  important  changes  have  taken  place  since  the 
previous  edition  was  published,  and  whilst  the  new  processes 
and  appliances  have  been  incorporated,  some  of  the  older 
methods  which  are  still  of  interest  have  been  revised  and 
retained.  In  this  manner  the  manual  has  been  made  valuable, 
not  only  to  the  student  but  to  all  who  are  interested  in  steel. 

Headers  who  may  desire  additional  information  respecting 
special  details  of  the  matters  dealt  with  in  this  book,  or  in- 
structions on  any  kindred  subjects,  should  address  a  question 
to  the  Editor  of  Wokk,  La  Belle  Sauvage,  E.C.,  so  that  it 
may  be  answered  in  the  columns  of  that  journal. 


P.   N.    HASLUCK. 
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CHAPTER    I. 

STBEL  :    ITS    PROPERTIES    AND    MANUFACTURE. 

Steel.  The  term  steel  as  now  used  covers  a  large  number 
of  materials,  varying  so  much  in  composition  and  pro- 
perties that  it  is  impossible  to  frame  a  definition  which 
will  include  all  varieties  and  exclu.de  all  else.  It  may  be 
sufficient  here  to  say  that  all  commercial  varieties  of  iron, 
except  malleable  iron  and  cast  iron  (including  under  the 
latter  term  such  alloys  as  ferromanganese  and  ferro- 
chrome),  may  be  called  steel.  Steels  may  be  divided  into 
two  main  groups  :  (1)  those  which  depend  for  their  use- 
ful properties  on  the  amount  of  carbon  present,  other 
foreign  constituents  being  always  in  small  proportion, 
and  (2)  those  which  depend  for  their  useful  properties  on 
some  other  element,  usually  a  metal,  and  almost  always 
in  conjunction  with  carbon.  The  former  may  be  called 
carbon  steels,  the  latter  alloy  steels. 

Carbon  Steels. — Carbon  steels  are  essentially  iron  con- 
taining carbon,  usually  with  only  small  proportions  of 
other  foreign  elements,  such  as  are  present  not  being 
intentionally  added  but  being  accidental  constituents. 
The  nearer  a  carbon  steel  approaches  to  an  alloy  and 
iron  the  purer  it  may  be  said  to  be. 

Iron  can  combine  with  carbon  in  all  proportions  up  to 
about  4*5  per  cent.,  and  up  to  2*2  per  cent,  the  metal  may 
he  called  steel,  whilst  above  that  it  is  cast  iron. 

Steel  is  often  classified  according  to  the  amount  of 
carbon  present,  the  following  being  a  convenient  classifica- 
tion for  practical  purposes  : — 
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1»--.ii  (Dead  mild  C.  under  -1. 

strttLl  steel     ^^^^  "?  *«  -S'^-  ^iW  S"  'J  ^  t 

?  Medium       C.  -3  to  o. 

Hard  or  tool  steel,  carbon  over  '5  per  cent. 

Alloy  Steels. — Alloy  steels  are  classified  according  to 
the  metal  alloyed  with  the  iron,  as,  for  example,  nickel 
steel,  chrome  steel,  manganese  steel,  etc.  These  will  be 
considered  in  Chapter  XV. 

Properties* of  Steel. — Steel  is  selected  for  various  pur- 
poses according  to  its  properties.  The  principal  proper- 
ties which  are  taken  into  account  are  tenacity  or  tensile 
strength,  ductility,  elastic  limit,  modulus  of  elasticity, 
and  hardness. 

Tenacity  is  the  strength  with  which  the  metal  resists  be- 
ing pulled  asunder.  It  is  measured  by  the  weight,  in  either 
pounds  or  tons,  required  to  pull  asunder  a  bar,  and  if  the 
bar  be  of  1  sq.  in.  section,  the  weight  is  called  the  tensile 
strength. 

Modulus  of  Elasticity. — If  a  tensile  stress  be  applied  to 
a  bar  of  steel  the  bar  is  slightly  elongated,  if  the  stretch- 
ing weight  be  doubled,  the  elongation  is  doubled,  and  so 
on,  the  stretching  or  strain  being  proportional  to  the 
stretching  weight  or  stress.  The  weight  which  would  be 
required  to  double  the  length  of  a  bar  of  1  sq.  in.  sec- 
tion, provided  the  elasticity  remained  perfect,  is  called 
the  "Modulus  of  elasticity,"  or  Young's  modulus.  No 
metal  will  stand  stretching  to  anything  like  double  its 
length  without  fracture,  but  the  modulus  can  be  calculated 
from  the  extension  produced  by  a  known  weight,  on  the 
assumption  that  the  strain  is  proportional  to  the  stress. 
Suppose  you  instance  the  elongation  produced  on  a  bar 
10  in.  long  by  a  stress  of  5  tons  to  the  000385  in.,  then, 
if  a  stress  of  5  tons  produces  an  elongation  of  0'003S5  in., 
the  stress  which  would  be  required  to  produce  an  elonga- 
tion of  10  in.,  i.e.  to  double  the  length  of  the  bar,  would  be 
5  X   10         50  ^  ^      ^  X.  .      ,    . 

00385  =» 00385  ^  ^^'^^^  ^^'  ®^^'  Vi,(XiO  tons.     It  is  obvious 

that  the  actual  measurement  to  be  made  is  so  small  that 
great  accuracy  cannot  be  expected  in  the  results. 

Limit  of  Elasticity. — As  a  moderate  stress  is  applied 
the  bar  elongates,  and  when  the  stress  is  removed  the  bar 
returns  to  its  original  length,  and,  as  already  remarked, 
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the  strain  is  proportional  to  the  stress.  As  the  stretch- 
ing weight  is  increased  a  point  is  at  length  reached  when 
the  bar  no  longer  returns  to  its  original  length,  but  re- 
mains slightly  longer,  having  taken  a  permanent  set.  If 
the  stress  be  increased  the  bar  continues  to  stretch,  but  the 
stretching  is  no  longer  proportional  to  the  stretching 
weight.     This  is  the  limit  of  elasticity. 

Ductility, — This  is  measured  by  the  extent  to  which  a 
bar  elongates  before  actual  fracture.  It  is  always  stated 
as  a  percentage  of  the  original  length  of  the  bar. 

Compression  Strength, — When  a  cube  of  1  in.  side  is 
compressed  with  a  suflBciently  great  pressure  it  may  frac- 
ture.* The  pressure  required  to  produce  fracture  in  tons 
or  pounds  is  the  compressive  strength  of  the  material.  A 
ductile  substance,  such  as  mild  steel,  cannot  be  said  to  have 
any  definite  compressive  strength,  because  as  the  stress 
is  increased  sufficiently  the  metal  flows,  so  that  whilst  the 
thickness  diminishes  the  area  increases  till  it  can  support 
the  stress. 

Hardness, — This  is  a  difficult  property  to  estimate  and 
:  to  state.  It  is  usually  measured  either  by  the  weight 
which  is  required  on  a  diamond  or  hard  steel  point  to 
produce  a  distinct  scratch,  or  by  the  amount  of  indenta- 
tion produced  by  a  heavily  weighted  point  or  knife  edge. 
In  either  case  the  results  depend  so  much  on  the  conditions 
of  the  experiment  that  it  is  impossible  to  draw  up  a  scale 
of  hardness  that  will  be  of  any  value  unless  the  conditions 
of  the  experiment  are  exactly  defined. 

Testing  Steel. — For  commercial  purposes  certain  tests 
are  usually  applied  to  steel.  The  tests  must  be  sufficiently 
accurate  and  exhaustive  to  determine  with  certainty  the 
quality  of  the  steel,  and  at  the  same  time  must  be  so 
simple  that  a  large  number  of  tests  can  be  made  in  a 
short  time. 

The  Test  Piece, — A  test  piece,  which  may  be  either 
circular  or  rectangular  in  section,  is  made  by  turning  or 
machining,  so  that  there  is  a  middle  portion  of  perfectly 
uniform  section  and  the  sides  being  exactly  parallel, 
8  or  10  in.  long,  with  wider  portions  at  each  end,  the 
wide  and  narrow  portions  being  curved  one  into  the  other 
so  that  there  is  no  sharp  line  of  demarcation  between 
them,  and  two  dots  or  other  marks,  the  distance  between 
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which    can    be    accurately    measured,    are    made    on    the 
□arrow  portion  of  the  test  pieces. 

The  Testing.— The  test  piece,  Figs.  1  and  2,  having  been 
accurately  measured,  is  fixed  in  a  testing  machine,  by  which 
a  stress  can  be  slowly  and  continuously  applied  until  the 
piece  breaks.  It  is  essential  that  there  should  be  no 
jerking  or  sudden  application  of  the  stress.  The  test 
piece  13  firmly  fixed  in  the  grips  of  the  machine,  and  as  the 
stress  is  applied  the  bar  begins  to  elongate,  the  elongation 
being  uniform  over  the  whole  length  of  the  piece.  As  the 
stress  is  increased  the  limit  of  elasticity  is  reached,  and 
the  bar  takes  a  permanent  set ;  this  point  can  only  be 
detected  by  a  scries  of  accurate  measurements,  and  there- 
fore usually  in  practice  no  notice  is  taken  of  it.     As  the 


Figs.  1  and  2. — Teat  Piece,  before  and  aft«T  Fracture. 

stress  is  still  increased  the  bar  suddenly  elongates,  the 
elongation  being  so  great  that  a  drop  of  the  lever  of  the 
testing  machine  can  be  noticed.  This  is  called  the  yield 
point,  but  it  is  often  confounded  with  the  elastic  limit, 
and  when  the  clastic  limit  is  specified  commercially  it  is 
usually  the  yield  point  that  is  taken.  The  stress  at  the 
yield  point  is  always  greater  than  the  elastic  limit. 

As  the  stress  is  still  further  increased  the  bar  still 
stretches,  and  soon  a  point  is  reached  when  local  contrac- 
tion begins,  and  the  bar  does  not  stretch  evenly  over  its 
whole  length,  hut  only  over  a  small  portion,  in  which  frac- 
ture will  ultimately  take  place  and  which  becomes  rapidly 
smaller.  ThiB  point  is  called  the  fluid  point.  It  is  the 
point  at  which  the  metal  has  the  maximum  strength,  as  is 
shown  by  the  fact  that  though  the  bar  rapidly  decreases  Id 
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area  it  does  not  break.  At  the  fluid  point  the  molecules 
are  free  to  flow  over  one  another,  as  in  the  case  of  a  fluid. 
As  the  stress  is  continued  the  bar  ultimately  breaks.  The 
softer  and  better  the  steel  the  longer  will  the  period  of  flow 
continue. 

The  points  determined  by  the  test  are  : — 
(1.)  The   ultimate   breaking   strength   (stress).     From 
this  the  tensile  strength,   measured  on   1  sq.   in. 
of  original  section,  is  easily  calculated. 
(2.)  The  yield  point,  which  is  usually  about  one  half 

of  the  ultimate  breaking  strength. 
(3.)  The  modulus  of  elasticity. 

(4.)  The  extension  before  fracture.     The  broken  sur- 
faces of  the  test  piece  are  put  together  and  the 
distance    between    the    punch   marks,    which    was 
originally  8  or  10  inches,   is  measured.     The  ex- 
tension is  then  calculated  to  a  percentage  of  the 
initial  distance  between  the  marks. 
(5.)  The  area  of  the  bar  at  the  point  of  fracture  can 
be  measured,  and  this  gives  the  contraction  of  area 
which  is  sometimes  asked  for. 
The  fracture  should  be  concave  or  cup-shaped  on  the 
one  half  and  convex  on  the  other,   and  should  show  a 
uniform  white  granular  surface.     The  fracture  should  take 
place  near  the  middle  of  the  test  piece.     Should  it  be 
very  near  one  end  the  test  is  rejected. 

Other  tests  are  used  for  special  purposes,  and  the  more 
important  of  these  will  be  described  in  Chapter  XVI. 

Effect  of  Carbon  on  Iron. —  In  carbon  steels,  carbon 
is  the  essential  constituent,  and  other  elements  may  be  con- 
sidered as  impurities,  more  or  less  objectionable,  and 
whilst  it  is  impossible  to  obtain  a  steel  which  contains 
nothing  but  carbon  and  iron,  the  nearer  this  condition  is 
approached  the  better. 

Pure  iron  is  very  soft  and  ductile,  and  has  a  tensile 
strength  of  about  17  tons.  The  figure  cannot  be  obtained 
with  absolute  certainty,  because  it  is  impossible  to  prepare 
and  test  perfectly  pure  iron,  but  it  has  been  judged  from 
the  strength  of  steels  containing  only  a  small  percentage 
of  carbon. 

The  effect  of  carbon,  as  indeed  of  most  other  elements 
likely  to  occur  in  steel,  is  to  increase  the  tensile  strength 
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of  the  metal  and  at  the  same  time  to  reduce  the  ductility, 
as  measured  by  extension  of  the  test  piece  before  fracture, 
but  the  two  are  not  proportional.  As  strength  is  usually 
required  with  as  little  decrease  of  ductility  as  possible, 
carbon  is  the  best  hardening  agent,  because  it  gives  the 
increase  of  strength  with  less  reduction  of  ductility  than 
most  of  the  other  hardening  agents,  and  carbon  steels 
have  some  valuable  properties  which  are  not  produced 
by  the  addition  of  other  elements.  No  doubt  the  selection 
of  carbon  as  the  hardening  agent  was  in  the  first  instance 
accidental,  and  was  due  to  the  fact  that  the  iron  ^  was 
reduced  in  contact  with  charcoal,  under  such  conditions 
that  carbon  could  be  readily  taken  up. 


TABLE     SHOWING    AVERAGE     VALUES     OP     BREAKING    STRAIN    IN 
TONS   CORRESPONDING   TO    PERCENTAGE   OF   CARBON   IN 

MILD   STEEL. 


Carbon. 

T.S. 

Per  cent. 

Tons 

•12 

25 

•13 

26 

•14 

27 

•15 

28 

•16 

29 

•17 

30 

18 

31 

19 

32 

'20 

33 

•21 

...        33| 

•22 

34 

•23 
'24 
25 
26 

34J 
..        35| 

36i 
..        37^ 

27 

37 

28 

37 

Carbon. 

T.S. 

Per  cent. 

Tons. 

•29 
•30 
•31 
•32 

37^ 
37| 
37i 
38 

•33 

38 

•34 

38i 

•35 

38i 

•36 

39 

•37 

39 

•38 

39 

•39 

39i 

•40 

39| 

•41 

40 

•42 

40 

•43 

40i 

•44 

..    '    40t 

•45 

41 

Notes. — (1)  From   •I  2  to   '20  per  cent,  carbon  the   relation 
holds,  viz. :  (Carbon  per  cent,  x  100)  +  13  =  T.S. 

(2)  Phosphorus  below  -03  per  cent,  lowers  T.S.  about  1^  tons. 

(3)  Silicon  from  -2  to  '3  per  cent,  raises  T.S.  about  1  ton. 
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The  addition  of  01  per  cent,  of  carbon  increases  the 
tensile  strength  of  iron  to  about  22  tons,  and,  as  the  per- 
centage of  carbon  is  increased,  the  tensile  strength  rises 
till  100  tons  or  thereabouts  may  be  reached.  It  is  im- 
possible to  give  any  regular  law  of  increase,  since  the 
properties  depend  not  only  on  the  percentage  of  car- 
bon present  but  on  the  condition  in  which  it  exists  as 
determined  by  the  treatment  which  the  metal  has  under- 
gone, especially  by  the  rate  of  cooling,  steels  suddenly 
cooled  (e,g,  quenched  in  water)  having  a  greater  tensile 
strength  and  being  harder  than  those  which  are  cooled 
slowly.  With  very  low  carbon  steels  the  influence  of  the  rate 
of  cooling  is  small,  but  when  the  carbon  reaches  about  '5 
per  cent,  it  is  quite  distinct,  and  with  1  per  cent,  of  carbon 
or  more  the  metal,  on  quenching,  becomes  very  hard  and 
brittle.  Annealed  steels  are  those  which  have  been  heated 
to  redness  and  allowed  to  cool  very  slowly;  quenched 
steels  are  those  which  have  been  heated  to  redness  and 
quenched  in  water;  whilst  normal  steels,  which  have  been 
allowed  to  cool  slowly  in  air,  occupy  an  intermediate 
position.  The  table  on  page  14  gives  approximately  the  re- 
lation existing  between  carbon  content  and  strength  in 
mild  steels. 

Professor  Arnold  has  found  that  for  annealed  steel 
the  tensile  strength  increases  with  the  percentage  of  carbon 
from  about  19  tons  with  '08  per  cent,  of  carbon,  till  a 
maximum  of  about  36  tons  is  reached,  when  there  is  about 
'9  per  cent,  of  carbon  present,  after  which  the  strength 
falls  off,  till  when  its  carbon  reaches  1*47  per  cent,  it  is 
about  22  tons.  With  steel  in  the  normal  condition,  which 
had  been  heated  to  1,000^  C,  and  allowed  to  cool  in  air,  the 
tensile  strength  rose  from  21  tons,  with  08  per  cent,  of 
carbon,  to  about  61  tons  with  1*2  per  cent,  of  carbon,  after 
which  it  fell  somewhat  (see  I^igs.  3  and  4,  pp.  16  and  17). 

The  ductility  decreases  as  the  carbon  increases,  but 
here  again  no  definite  rule  can  be  given.  Professor  Arnold 
found,  with  the  same  samples  of  steel  as  he  used  for  his 
tensile  test  experiments,  that  the  extension  of  test  pieces 
of  steel  which  contained  '08  per  cent,  of  carbon  was  52 
per  cent.,  but  that  it  fell  continuously  as  the  carbon  was 
increased,  until  it  reached  a  minimum  of  about  6  per  cent., 
when  the  steel  contained  '89  of  carbon.    As  the  carbon  was 
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further  increased  the  extension  also  increased,  till,  with 
carbon  1*47  per  cent.,  it  reached  nearly  20  per  cent.  With 
the  normal  steel  a  minimum  was  not  reached,  but  the 
fall  continued  till  it  was  only  about  2  per  cent,  with  1*47 
per  cent,  of  carbon. 

The  difference  in  the  behaviour  of  the  steel  in  the  two 
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Fig.  3. — Influence  of  Carbon  on  Tenacity  of  Steels. 
N  «  Normal.     A  =  Annealed. 

conditions  depends  either  on  differences  in  the  condition 
of  the  carbon,  or  on  differences  in  the  condition  of  the  iron 
itself. 

If  a  piece  of  pure,  almost  carbonless,  iron  be  heated  to 
redness  and  then  cooled  suddenly  by  quenching  in  water, 
it  is  not  noticeably  harder  than  if  it  had  been  allowed 
to  cool  slowly.  As  the  percentage  of  carbon  is  increased 
the  difference  between  the  annealed  and  quenched  samples 
becomes  more  and  more  marked.    With  '5  per  cent,   of 
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carbon  it  is  sufficient  to  be  easily  detected  by  rough  work- 
shop tests,  and  with  1*0  per  cent,  of  carbon  the  quenched 
metal  becomes  very  hard  and  brittle.  The  normal  metal, 
being  cooled  neither  very  quickly  nor  very  slowly,  occupies 
an  intermediate  position.  It  is  essential  that  the  student 
should  understand  that  the  properties  of  a  steel  due  to 
carbon  depend  not  only  on  the  amount  of  carbon  present, 
but  also  on  the  way  in  which  the  metal  has  been  treated. 
Elongation 
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Fig".-  4. — Inflaence  of  Carbon  on  Ductility  of  Steels. 
N  =  Normal.    A  =  Annealed. 


The  modulus  of  elasticity  is  about  13,000  tons,  and  does 
not  vary  much  with  variations  in  the  percentage  of  carbon. 

Owing  to  the  great  influence  of  variation  in  the  per- 
centage of  carbon  on  the  qualities  of  the  metal,  steel  can 
be  made  suitable  for  very  many  purposes;  it  may  be 
either  very  soft  and  tough,  or  hard  and  brittle,  and  the 
properties  may  be  still  more  modified  by  suitable  heat 
treatment,  as  by  hardening  and  tempering,  so  that  almost 
any    property   required   for    a    special    purpose    may    be 
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obtained,  and  a  still  greater  range  of  pj^operties  is  obtain- 
able by  the  addition  of  other  metals  in  the  alloy  steels. 

The  following  table  will  give  an  idea  of  the  varieties 
of  steel  made  and  the  purpose  for  which  each  variety  is 
used,  the  classification  being  based  on  the  percentage  of 
carbon.  It  must,  of  course,  be  understood  that  the  figures 
are  only  examples  and  may  be  varied  very  considerably 
according  to  the  properties  required  in  the  articles  being 
made. 


Carbon. 


Uses. 


•05  to  07  per  cent.   ... 

Wire  rod. 

•09  to   12 

„ 

Wire  rod.  Tin  bar  for  rolling  into 
sheets  for  the  manufacture  of  tin- 
plate. 

•14 

'»> 

Rivets. 

•13  to  -18 

» 

Boiler  plates. 

•15  to  -17 

„ 

Ship  plates. 

•17  to  ^20 

»i 

Girders. 

•23  to  30 

»> 

Railway  axles. 

•30  to  50 

» 

Hard  wire  rod. 

•30  to  -40 

a 

Rails. 

•45  to  -50 

a 

Locomotive  tyres. 

•5 

it 

Springs. 

•75 

if 

Dies. 

•75  to  100 

»                 ... 

Wood  chisel  sets  and  other  tools. 

100  to  125 

»> 

Turning  tools,  drills,  etc. 

1  25  to  1  50 

)» 

Files.  Cutting  tools  requiring  a 
keen  edge,  such  as  razors. 

1^50  to  2  00 

»> 

Draw  plates  for  wire  drawing. 

The  influence  of  carbon  on  the  magnetic  properties  of 
iron  is  of  some  little  importance.  Pure,  soft  iron  becomes 
highly  magnetic  when  it  is  brought  into  a  magnetic 
field  (its  magnetic  permeability  is  very  high),  but  it  has 
little  power  of  retaining  the  magnetism  when  removed 
from  the  field  (its  retentivity  is  low).  As  the  carbon  is 
increased  the  retentivity  increases  and  the  permeability 
decreases.  Arnold  has  found  that  the  magnetic  reten- 
tivity reaches  a  maximum  when  the  carbon  is  *89  per  cent., 
and  does  not  increase  with  increase  of  carbon  beyond  this 
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amount.      Hardened    steel    retains    its    magnetism    much 
more  strongly  than  soft  steel. 

Influences  of  Other  Constituents  on  the  Properties  of  Steel. 

Silicon. — Silicon  is  always  present  in  steel  in  small 
quantity,  and  its  influence  has  been  very  much  discussed. 
In  general  it  has  much  the  same  effect  as  carbon,  tending 
to  increase  the  tensile  strength  and  diminish  the  ductility, 
but  to  a  much  less  marked  extent,  0*1  per  cent,  of  silicon 
being  roughly  equal  to  02  per  cent,  of  carbon  in  hardening 
power.  Up  to  'Sib  per  cent.  Turner  found  no  increase  in 
tensile  strength  or  reduction  in  ductility,  whilst  with  '5  per 
cent,  the  increase  in  tensile  strength  was  only  7  tons  and 
the  reduction  of  elongation  4  per  cent,  on  a  10-in.  test  piece. 
When  the  carbon  is  low,  silicon,  even  up  to  1*5  per  cent., 
does  not  destroy  the  ductility  of  the  metal  or  its  forge- 
ability  at  a  red  heat.  Silicon  in  proportions  in  which  it 
is  likely  to  be  present  in  steel,  has  therefore  no  injurious 
effect  upon  the  metal.  The  presence  of  silicon  tends  to 
ensure  castings  free  from  blowholes,  and,  owing  to  its 
great  affinity  for  oxygen,  it  probably  decomposes  any 
oxide  of  iron  that  may  be  present,  and  for  this  reason 
a  little  is  sometimes  intentionally  added  in  the  form  of 
ferrosilicon  or  silicon-ferro-manganese. 

Sulphur. — Sulphur  in  any  proportion  in  which  it  is 
likely  to  be  present  in  steel  has  no  influence  on  the  tenacity 
or  ductility  of  the  metal  in  the  cold,  but  a  very  small 
proportion  has  a  distinct  influence  on  the  ductility  of  the 
metal  at  a  red  heat,  tending  to  make  it  red  short,  so  that 
the  ingots  crack  at  the  edges  on  rolling.  The  red  shortness 
is  noticeable  with  less  than  '1  per  cent,  of  sulphur,  and 
*06  per  cent,  is  the  maximum  allowable  in  steel,  which 
has  to  be  worked  hot.  Even  when  there  is  no  distinct  red 
shortness  visible  during  rolling,  minute  flaws  may  be 
produced  which  will  be  a  cause  of  weakness  and  may 
subsequently  determine  fracture.  Sulphur  may  be  de- 
rived from  the  iron  from  which  the  steel  is  made,  or  it 
may  in  some  cases  be  taken  up,  to  a  small  extent,  from 
the  gas  or  other  fuel  used.  Sulphur  is  rarely  present  in 
any  quantity  in  high  carbon  steel,  mainly  because  the 
material  from  which  it  is  made  is  free  from  sulphur,  and 
none  can  be  taken  up  during  manufacture,  and  partly 
because  carbon  tends  to  expel  sulphur. 
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Phosphorus. — This  element  is  usually,  and  rightly,  con- 
sidered to  be  the  steel-maker's  greatest  enemy,  not  that 
it  is  in  itself  more  injurious  than  sulphur,  but  that  it  is 
much  more  likely  to  be  present  in  objectionable  quantity. 

Phosphorus  up  to,  say,  '1  per  cent,  seems  to  have  but 
little  influence  on  the  properties  of  the  steel  as  deter- 
mined in  the  testing  machine,  provided  the  carbon  is  low, 
except  that  it  may  slightly  increase  the  tensile  strength; 
it,  however,  greatly  increases  the  liability  of  the  metal 
to  fail  under  sudden  shock,  though  even  in  this  respect 
the  results  obtained  by  various  experimenters  have  been 
very  variable.  It  seems  to  raise  the  elastic  limit,  and  in 
some  cases  elastic  limit  and  ultimate  breaking  stress  nearly 
coincide.  Even  a  large  percentage  of  phosphorus,  say 
1*0  per  cent.,  does  not  prevent  the  metal  being  worked  hot, 
but  when  cold  it  may  be  extremely  brittle,  owing,  perhaps, 
at  least  partly,  to  the  coarsely  crystalline  structure  which 
is  induced  by  the  presence  of  phosphorus.  The  limit  of 
phosphorus  allowable  in  ordinary  steels  is  '05  to  *06  per 
cent.,  though  Harbord  states  that  for  rails  08  per  cent, 
may  be  allowed.  With  steels  high  in  carbon  a  very  much 
smaller  proportion  of  phosphorus  is  allowable,  '01  per 
cent,  being  about  the  maximum  for  the  best  results,  the 
influence  of  phosphorus  increasing  with  the  percentage  of 
carbon. 

Manganese, — Manganese  is  almost  invariably  present 
in  mild  steel,  owing  to  the  addition  of  ferromanganese  as 
a  deoxidising  agent  in  the  process  of  manufacture.  The 
tendency  of  manganese  is  to  harden  the  metal  and  in- 
crease its  brittleness  and  liability  to  fail  under  shock, 
it  slightly  increases  its  tensile  strength  and  diminishes 
ductility,  and  it  seems  to  neutralise  to  some  extent 
the  red  shortness  due  to  sulphur.  The  limit  allow- 
able varies  with  the  purpose  for  which  the  metal  is 
to  be  used,  and  in  general  it  should  not  exceed  about 
06  per  cent. ;  1  per  cent,  is,  however,  frequently  present, 
and  Howe  mentions  good  rails  containing  1*5  per  cent. 
As  manganese  has  a  great  affinity  for  oxygen  and  its 
oxide  is  not  soluble  in  molten  iron,  it  removes  any  oxides 
of  iron  that  may  be  present  in  solution. 

Arsenic. — Arsenic  is  rarely  present  in  steel  except  in 
very  minute  quantity.     Up  to  about  '1  per  cent,  it  seems 
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to  have  little  influence  on  the  quality  of  the  metal,  but 
above  that  it  produces  red  shortness,  and  it  also  interferes 
with  the  welding  power,  steel  with  over  '5  per  cent,  being 
unweldable.  It  lowers  the  elastic  limit  and  decreases  the 
elongation  before  fracture. 

Copper. — The  influence  of  copper  does  not  seem  to  be 
very  marked.  It  slightly  increases  the  tensile  strength  and 
does  not  seem  to  produce  red  shortness. 

Other  elements  are  never  present  in  large  enough  quan- 
tities to  be  of  any  importance. 

Processes  for  the  Manufacture  of  Steel. 
A  large  number  of  processes  have  been  used  at  various 
times  for  the  preparation  of  steel. 

*     (i.)  Iron  may  be  reduced  from  its  ores  in  presence  of 
carbon  under  such  conditions  that  enough  carbon 
is  taken  up  to  produce  steel.     Such  processes  may 
be  called  direct  processes.     They  are  now  very  little 
used,  as  they  are  costly,  the  steel  is  produced  in 
small  quantities,  and  is  of  uncertain  composition. 
(2.)  Malleable  iron,  which  is  nearly  carbon  free,  may 
be  taken  as  the  starting  point,  and  carbon  may  be 
added  to  it  by  melting  in  contact  with  charcoal, 
in  crucibles,  as  in  the  Indian  process  of  making 
Wootz    steel,    or    by    heating    with    charcoal    to 
welding  temperature  in  larger  vessels,   as  in  the 
cementation    process    which    is    still    largely    used 
in   Sheffield. 
(3.)  Pig  iron,   containing,   as  pig  iron  always  does, 
a  large  quantity  of  carbon  and  silicon,  may  be 
taken  as  the  starting  point.     It  may  be  either  (1) 
partially    decarburised,    the   required  "amount   of 
carbon  being  left  in  the  metal  as  in  the  old  process 
of  puddling  for  steel  and  the  Swedish  Bessemer 
process;  or  (2)  the  carbon  and  silicon  may  be  com- 
pletely  burnt   out,    and   the    required   amount   of 
carbon    subsequently    added    in    some    convenient 
form,   as  in  the  Bessemer  and  open  hearth  steel 
processes. 
In  the  following  pages  those  processes  which  are  now 
in  use  will  be  described,  with  only  a  brief  reference  to  the 
minor  processes,  which  are  only  of  historical  interest.     The 
processes  described  will  be — 
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(1.)  The  Bessemer  Process  : 

a.  The  ordinary  or  acid  process. 

6.  The  basic  process. 
(2.)  The  Siemens  or  open  hearth  process: 

a.  The  acid  process. 

6.  The  basic  process. 
(3.)  The  cementation  process. 
,   (4.)  Puddling  and  minor  processes. 


CHAPTER    II. 

THB  BEBSBMBB  PROCESS. 

Frineiple. — When  a  stream  of  air  is  blown  through  molten 
pig  iron,  which  always  contains  a  large  quantity  of 
carbon  and  silicon,  theae  elements,  together  with  some 
of  the  iron,  are  rapidly  oxidised,  the  carbon  escaping  in 
the  form  of  gas,  as  carbon -dioxide  or  carbon -monoxide, 
and  the  silicon  passing  into  the  slag  as  silicate  of  iron. 


Fig.  li. — Beeaemer  Converter. 

The  beat  evolved  by  the  oxidation  is  aufiicient  to  keep  the 
metal  molten,  even  after  all  the  carbon  has  been  removed 
and  the  metal  has  therefore  reached  its  least  fusible  con- 
dition. These  facts  were  discovered  by  Bessemer  about 
1855,  and  are  the  basis  of  the  process  which  is  now  known 
by  his  name.     When  the  oxidation  is  finished,  the  metal 


has  absorbed  some  oxygen,  and,  if  cast  in  that  condition, 
would  be  brittle  and  UBeless.  This  is  overcome  hy  tho 
addition  of  manganese  in  the  form  of  f err o -manganese. 


Fig.  fi.— Bessemer  Cohrerter,  showing  Tilting  Gear. 


by  which  the  oxygen  is  removed.     The  use  of  manganese 
was  suggested  by  Robert  Mushet  in  1856, 

The  molten  pig  iron  is  run  into  a  vessel  of  suitable 
form,  and  air  is  blown  through  it  until  oxidation  is 
complete,  which  is  indicated  by  the  drop  of  the  flame  at 
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the  mouth  of  the  vessel.  The  ferro-manganese  is  then 
added,  and  the  metal  is  poured  into  a  ladle,  and  thence 
distributed  to  the  moulds. 

^  The  Plant.— The  form  of  plant  now  generally  used  for 
carrying  out  the  process  was  devised  by  Bessemer.  The 
essential  parts  are  : — 

(1.)  The  converter  or  vessel   in  which  the  oxidation 
takes  place. 

(2.)  Apparatus  for  supplying  the  molten  iron. 

(3.)  Apparatus  for  dealing  with  the  steel.^ 
The  Converter. — This  is  the  essential  part  of  the  plant. 
It  is  a  vessel  made  of  sheet  steel,  from  j  in.  to  1  in.  thick, 
and  having  something  of  the  form  and  dimensions  shown 
in  Figs.  5  and  6,  which  represent  a  10-ton  converter.  The 
converter  is  made  in  three  parts :  the  hood  or  top  portion, 
the  body  or  middle  portion,  and  the  bottom — and  these  are 
secured  by  catches  so  that  they  can  be  easily  separated 
when  necessary  for  relining.  Round  the  body  portion, 
which  is  usually  cylindrical,  is  fixed  a  strong  iron  band — 
the  "  trunnion  ring,"  to  which  are  fixed  the  trunnions  on 
which  the  converter  rotates.  The  one  trunnion  is  hollow 
and  communicates  with  the  blowing  engines,  and  is  so 
arranged  that  air  can  enter  the  converter  whilst  it  is 
rotated  through  at  least  90°.  To  the  other  trunnion 
is  attached  a  toothed  wheel  working  in  a  rack,  operated 
by  an  hydraulic  ram,  by  which  the  converter  can  be  rotated 
through  at  least  200°  (Fig,  7,  Filling;  Fig.  8,  Blowing;  and 
Fig.  9,  Pouring  Bessemer  Converter).  The  body  and  hood 
are  lined  with  very  refractory  siliceous  material  to  a  thick- 
ness of  about  12  in.  The  bottom  portion  is  closed  at  the 
bottom  by  an  iron  plate,  in  which  there  are  a  series  of  cir- 
cular openings,  through  which  the  fire-clay  tuyeres  are  put. 
Beneath  this  is  a  circular  air-chest,  the  bottom  of  which 
is  closed  by  an  iron  plate,  held  in  place  by  keys,  so  that 
it  can  be  very  quickly  removed  when  necessary,  into  which 
air  is  led  by  a  pipe  passing  from  the  air  trunnion  down 
the  side  of  the  converter.  The  bottom  lining  is  about  18  in. 
thick.  The  tuyeres  (Fig.  10,  Plan;  Fig.  11,  Side  Eleva- 
tion; Fig.  12,  Section  on  a  b,  Fig.  10,  are  made  of  fire- 
clay, slightly  conical  and  extended  at  the  lower  ends,  and 
are  perforated  by  from  five  to  twelve  holes,  each  from 
i  in.  to  i  in.  in  diameter.     They  are  pushed  in  through 
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the  holes  in  the  bottom  plate  and  are  held  in^  place  by 
catches. 


Fig.  9. 


rig,  8. 
Fig.  10.  Am;o 


I 


Fig.  11.       Fig.  12. 


Fig.  7. — Filling  Bessemer  Converter.  Fig.  8. — Blowing  Bessemer 
Converter.  Fig.  9. — Pouring  Bessemer  Converter.  Fig.  10. — 
Plan  of  Bessemer  Tuyere.  Fig.  11. — Side  Elevation  of  Bessemer 
Tuyere.    Fig.  12. — Bessemer  Tuyere.     Section  on  A  B  (Fig.  10). 


Lining  the  Converter. — The  converter  is  lined  with  some 
very   refractory   lining.       In   Britain  the  material   used 
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ia  ganister,  A  slightly  argillaceous  sandstone,  occurring  in 
the  neighbourhood  of  Sheffield,  containing  just  enough 
clay  to  enable  it  to  bind.  In  the  United  States  an  arti- 
ficial ganister,  called  monolithic,  made  by  mixing  crushed 
quartz  and  crushed  firebrick  with  clay,  is  often  used. 
The  hood  and  bottom  are  removed  to  the  shop  for  relining, 
but  the  body  is  lined  in  position. 

The  usual  method  of  putting  a  lining  into  the  body 
is  to  fix  a  wooden  core  of  the  form  which  the  interior  is 


Fig.  13. — Bessemer  Converter,  Bhowint;  Eolley'e  Movable  Bottom. 

to  be,  supported  on  a  temporary  platform,  inside  it,  and 
then  to  ram  the  ganister  or  other  material  being  used  for 
the  lining,  made  plastic  by  mixing  with  water,  round  it. 
Another  method  is  to  mix  the  ganister  with  water  till  it  is 
plastic,  as  in  crucible  making,  then  to  cut  this  up  into 
lumps  and  press  these  into  position  by  hand,  the  inside 
being  smoothed  over  with  a  wooden  template. 

The  hood  and  the  bottom  are  placed,  open  end  up,  on 
the  floor,  and  the  lining  is  rammed  in,  in  the  case  of  the 
bottom  wooden  dummies  being  put  where  the  tuyeres  are 
to  be.  The  bottom  is  thoroughly  dried,  either  by  heating 
it  in  a  stove  or  hy  putting  a  cover  over  it  and  burning 
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a  jet  of  gas  above  it.  When  the  bottom  is  dry  the  dummies 
are  taken  out,  and  the  tuyeres,  covered  with  a  wash  of 
fire-clay,  are  put  in. 

The  joint  between  the  hood  and  the  body  is  not  of  much 
importance,  but  the  joint  between  the  body  and  the  bot- 
tom must  be  sound  or  the  molten  metal  would  escape. 
To  secure  a  sound  joint  several  methods  are  used.  One 
is  to  make  the  casing  of  the  converter  in  such  a  way  as  to 
leave  a  space  all  round,  and  to  make  the  linings  so  that 
they  touch  only  on  the  inner  edge,  thus  leaving  a  V-shaped 
ring  which  can  be  filled  from  outside  (see  Fig.  13).  Another 
method  is  to  spread  a  layer  of  moist  ganister  on  the  sur- 
face of  contact  of  the  body  lining,  and  then,  the  body 
being  inverted,  to  drop  the  bottom,  also  inverted,  into 
position  from  above,  its  weight  pressing  on  the  ganister 
making  a  tight  joint,  or  to  lift  the  bottom  into  place  from 
below  and  press  it  home  by  means  of  an  hydraulic  ram. 

As  the  lining  of  the  body  takes  twelve  hours  or  more, 
this  entails  considerable  loss  of  time,  and  to  avoid  this  a 
type  of  converter  has  been  introduced  in  America  in  which 
the  body  is  independent  of  the  trunnion  band,  so  that  the 
whole  converter  can  be  lifted  away  and  carried  to  the 
repair  shop  and  a  new  one  put  in  place  with  little  delay. 

The  Supply  of  Iron, — The  pig  iron  must  be  supplied 
in  a  molten  condition.  It  may  be  specially  melted  in  a 
cupola  or  it  may  be  supplied  direct  from  the  blast  furnace, 
the  former  being  the  more  usual  way. 

The  cupolas  were  at  one  time  usually  placed  on  a  plat- 
form in  such  a  position  that  the  metal  could  be  tapped 
directly  into  the  converter.  For  many  reasons  this  posi- 
tion is  inconvenient,  and  the  cupolas  are  now  usually 
placed  at  some  distance  from  the  converters,  the  metal 
being  tapped  into  a  ladle,  which  is  brought  by  a  loco- 
motive, or  other  means,  up  an  inclined  plane  to  the  con- 
verter level,  and  then,  by  tilting  the  ladle,  is  poured  into 
the  converter. 

The  cupolas  were  at  one  time  placed  on  a  plat- 
iron  foundry,  but  must  be  of  sufficient  size  to  keep  up  a 
regular  supply  of  iron.  For  an  ordinary  10-ton  plant,  with 
two  converters,  that  will  be  about  30  tons  of  iron  per 
hour.  When  the  metal  is  supplied  direct  it  is  tapped  from 
the  blast  furnace  into  a  metal  mixer  (see  the  companion 
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Fig.  14. — Plan  of  Bessemer  Works. 


I'ig.  15. — Section  of  BesBamer  Works. 
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volume,   "  Iron/'   p.   121,   and  thence  is  poured  into  the 
ladles  for  conveyance  to  the  converter. 

The  advantage  of  remelting  is  that  the  iron  can  be 
selected,  and  thus  a  more  uniform  quality  of  supply  can 
be  assured,  but  it  entails  not  only  the  cost  of  remelting  but 
the  cost  of  handling  the  pig  at  the  blast  furnace.  The  use 
of  direct  metal  is  now  becoming  very  general. 

Arrangement  of  the  Plant. — For  economic  working  two 
converters  are  always  used.  In  the  old  or  English  type 
of  plant,  as  designed  by  Bessemer,  these  are  placed  as 
shown  in  Figs.  14  and  15,  the  mouths  pointing  backwards. 
On  the  one  side  is  fixed  a  charging  gallery,  along  which 
the  metal  is  brought  to  supply  the  converters,  and  behind 
which  the  repair  shop  is  usually  placed.  This  gallery  is  at 
such  an  elevation  that  the  metal  can  be  poured  directly 
into  the  converter,  when  the  converter  is  brought  over  into 
a  horizontal  position. 

On  the  other  side  of  the  converter  is  the  casting  pit. 
This  is  a  circular  pit  about  20  ft.  in  diameter,  and  for 
convenience  sunk  about  3  ft.  below  the  floor  level  of  the 
shop.  In  the  centre  of  the  pit  is  fixed  the  ladle  crane. 
This  is  a  long  narrow  platform  carried  on  a  support.  It 
carries  the  casting  ladle  at  one  end,  and  at  the  other, 
which  is  much  shorter,  a  shelter  for  the  man  in  charge. 
It  is  so  arranged  that  the  ladle  can  be  brought  under  the 
mouth  of  the  converter  to  receive  the  metal,  and  then  over 
the  moulds,  which  are  arranged  round  the  circumference 
of  the  pit. 

The  ladle  must  be  large  enough  to  hold  all  the  metal 
from  a  charge,  and  also  any  slag,  and  it  is  provided  with 
a  tap  hole  at  the  bottom  by  which  the  metal  can  be  run 
into  the  moulds. 

The  crane  (Fig.  16)  is  controlled  by  the  man  in  charge 
of  it,  and  it  has  two  motions,  the  circular  motion  by  which 
it  can  be  rotated  so  as  to  be  brought  under  the  mouth  of 
the  converter,  and  also  a  vertical  motion,  worked  by 
hydraulic  gear,  so  that  it  can  be  lowered  when  under  the 
converter  and  raised  when  over  the  moulds.  The  vertical 
motion  is  sometimes  dispensed  with,  but  then  the  con- 
verters must  be  placed  inconveniently  high. 

In  front  of  the  pit  is  placed  a  raised  platform  (com- 
monly called  the  pulpit),  from  which  the  foreman  watches 
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the  process,  and,  by  means  of  a.  aeriea  ol  levers,  controls 
the  motion  of  the  converter  and  the  blowing. 

At  convenient  positions  on  each  aide  of  the  pit  are 
placed  the  ingot  cranes  by  which  the  moulds  can  be  lifted 
into  place,  and  the  ingots  of  metal  lifted  away.  These 
are  bo  placed  that  they  command  every  part  of  the  pit. 

Kails  are  also  laid  ao  that  the  ingots  can  be  carried 
away  on  trucks,  and  also  to  the  repair  shop,  so  that  the 
portion  of  the  converter  can  be  removed  as  required. 

On  the  platform  also  is  usually  a  email  cupola  and 
a  heating  furnace,  by  which  the  ferro-manganese  can  be 


Fig.  IG. — ^BeSBemer   Crane. 

melted  or  heated  according  to  the  condition  in  which  it  is 
to  be  added  to  the  charge. 

The  Blowing  Engine. — The  air  supply  is,  of  course,  very 
important.  The  quantity  of  air  required  ia  not  very  large, 
being  about  '58  ton  for  each  ton  of  iron,  or  for  a  10-ton 
charge  58  tons,  and  aa  the  blow  will  occupy  somewhere 
about  20  minutes,  the  amount  of  air  required  will  be  a 
little  over  800  cub.  ft.  per  minute,  the  amount  of  course 
varying  with  the  quantity  of  oxidisable  materials  to  be 
removed  from  the  iron.  The  preasure  must  be  aufficient 
to  enable  a  rapid  current  of  air  to  pass  through  the 
molten  metal,  andis  usually  from  10  to  25  Ih.  per  sq.  in. 

The  engines   are  almost  always  direct  acting,    and    may 
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be  either  horizontal  or  vertical,  and  are  worked  in  pairs 
so  as  to  give  as  steady  a  pressure  as  possible. 

Working  a  Charge. —  The  converter  is  turned  on  its 
side  so  that  the  mouth  is  horizontal.  The  metal  is*  brought 
up  in  a  ladle  and  is  poured  by  means  of  a  fire-clay  lined 
shoot  into  the  converter.  The  converter  must  be  so  shaped 
that  when  it  is  horizontal  the  metal  lies  quite  clear  of  the 
tuyeres.  As  soon  as  the  metal  is  in,  the  shoot  is  withdrawn, 
the  blast  is  put  on,  and  the  converter  is  slowly  turned 
up.  As  the  metal  flows  over  the  tuyeres,  the  air  forcing 
its  way  through  the  comparatively  thin  sheet  of  metal, 
breaks  it  up  and  causes  a  vigorous  ejection  of  sparks — 
minute  fragments  of  molten  iron.  As  the  metal  becomes 
deeper  over  the  tuyeres  the  ejection  of  sparks  diminishes 
but  does  not  entirely  cease.  As  soon  as  the  converter  is 
up  the  reactions  become  very  vigorous.  At  first  there  is 
very  little  flame,  only  a  stream  of  hot  gas  and  a  shower 
of  sparks  coming  from  the  mouth  of  the  converter.  In  a 
few  minutes  a  decided  flame  makes  its  appearance  at  the 
mouth  of  the  converter;  it  is,  however,  small  and  but 
slightly  luminous.  After  5  or  6  minutes  or  longer,  dur- 
ing which  time  the  temperature  is  rapidly  rising,  the 
flame  becomes  larger  and  more  luminous.  At  first  it  is 
very  unsteady,  but  it  gradually  increases  in  steadiness, 
density,  and  luminosity,  showers  of  sparks  and  minute 
fragments  of  iron,  which  burn  as  they  come  into  the  air, 
being  ejected.  After  another  ten  minutes  or  so  the  flame 
begins  to  flutter,  becomes  less  luminous  and  less  dense, 
and  diminishes  in  volume.  The  foreman  now  watches 
carefully,  and  all  at  once  the  flame  suddenly  diminishes 
or  drops,  and  the  blow  is  over.  Then,  without  a  moment's 
delay,  the  converter  is  once  more  turned  down.  All  the 
carbon  and  silicon  have  by  this  time  been  removed,  but 
oxygen  has  also  been  taken  up,  and  if  the  metal  were 
poured  the  resulting  steel  would  be  "  rotten  "  and  useless. 

A  certain  quantity  of  speigeleisen  or  ferro-manganese 
is  then  added,  and  the  metal  is  ready  for  pouring.  The 
ferro-manganese  is  either  thrown  into  the  converter  or 
into  the  metal  as  it  flows  into  the  ladle.     It  is  added  cold  ' 

if  only  a  small  quantity  is  required,  hot  if  more  is  being 
used,  and  if  the  quantity  is  large  it  is  often  melted  and 
run  in  in  the  liquid  condition. 
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The  metal  and  slag  are  then  poured  into  the  ladle>  and 
the  metal  is  distributed  to  the  moulds.  As  soon  as  the 
ladle  is  moved  away  the  converter  is  upended,  and  some 
very  refractory  slag  which  has  not  poured  with  the  metal 
is  run  out,  and  falls  on  to"  the  floor  of  the  pit.  The  con- 
verter is  then  turned  horizontal  again,  the  man  in  charge 
examines  the  inside,  and  if  the  lining  is  cut  away  any- 
where it  is  patched  by  throwing  in  canister  and  pressing 
it  into  place  by  means  of  iron  rods. 

"  As  soon  as  the  converter  is  turned  down,  a  charge  of 
metal  is  run  into  the  second  converter,  and  another  blow  is 
started,  so  that  with  two  converters  10  tons  of  pig  iron 
will  be  converted  into  steel  every  20  minutes. 

Chemistry  of  the  Process. — The  chemistry  of  the  pro- 
cess is  quite  simple  in  its  general  principles.  As  the  air 
is  blown  through,  the  easily  oxidisable  constituents  are 
removed,  together  with  some  of  the  iron.  It  is  probable 
that  the  action  is  indirect.  The  air,  coming  in  contact 
with  the  iron,  probably  at  once  forms  magnetic  oxide  of 
iron  (FcjOJ,  which  is  then  decomposed  by  the  carbon, 
silicon  and  other  oxidisable  constituents  present. 

Immediately  the  blow  commences  the  oxidation  of  the 
silicon  begins  and  the  temperature  rises,  thus  Fe304  + 
Si  =  Fe3Si04  +  Fe.  The  oxygen  is  thus  absorbed,  and 
the  gas  which  leaves  the  converter  is  mainly  the  nitrogen 
from  the  air.  As  the  action  goes  on  the  carbon  is  attacked. 
FcjO^  +  2C  =  3Fe  +  200^  and  Fefi^  +  4C  =  3Fe  +  4C0. 
At  first  the  carbon  is  largely  burnt  to  carbon  dioxide, 
but  as  the  temperature  rises  carbon  monoxide  is  the  main 
product,  and  the  gas  therefore  is  combustible  and  burns 
at  the  mouth  of  the  producer,  forming  the  flame.  If 
there  is  any  manganese  in  the  iron  it  will  be  oxidised  very 
early  in  the  blow,  and  will  pass  into  the  slag  as  silicate  of 
manganese.  Sulphur  is  not  removed  at  all,  nor  is  phos- 
phorus; indeed,  the  latter  element  seems  to  increase, 
because  as  the  blow  goes  on  the  quantity  of  metal  through 
which  it  is  distributed  is  reduced.  The  non-removal  of 
the  phosphorus  is  due  to  the  large  quantity  of  silica 
present  in  the  lining  of  the  converter  and  in  contact  with 
the  metal,  because  the  only  form  in  which  the  phosphorus 
can  pass  out  is  as  phosphate  of  iron,  and  this  is  decom- 
posed of  silica,  phosphoric  oxide  being  liberated  and  de- 
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composed  by  the  hot  iron  with  the  formation  of  iron 
phosphide  and  oxide.  As  the  constituents  are  oxidised 
out,  the  steel  produced  must  be  less  in  quantity  than  the 
iron  used,  as  will  be  seen  from  the  figures  below  : — 


Composition  of 
the  Iron, 

Left  in 
Steel. 

Carbon  ... 

3-5 

•1 

Silicon  ,  . 

2-5 

•1 

Iron  required  to  form  silicate  1 
with  the  silica,   nssumiog  > 
ihe  slag  to  be  2FeO  SiOg     ) 

Total  loss 


Loss. 

34 
2-4 

96 


15-4 


The  loss  may  be  either  greater  or  less  than  this  es- 
timate, because  the  slag  may  be  either  more  basic  or 
more  acid.  Any  manganese  present  will  combine  with 
some  of  the  silica,  and  thus  tend  to  reduce  the  loss  of 
iron. 

The  following  analyses  of  the  metal  at  different  stages 
of  a  blow  will  indicate  the  way  in  which  the  impurities 
are  removed. 


Analyses  of  Pig-iron,  and  of  thb  Bessemer   Charoe  at  Diffbrfnt 
Periods  of  thb  Blow  in  the  Neubeug  Works. 


Grey  pig- 
iron  smelted 
with  char- 
coal from 
spathic 
iron-ores. 

Metal  at  the 
end  of  the 

first  stage  of 
the  blow. 

Metal 

towards  the 

end  0/  the 

boil. 

Metal  before 

the  addition 

ofspiegel- 

eisen. 

0  087 

Final 
product  of 
mild  steel. 

Graphite 
Gomhined  carbon 

3-180 
0-7oO 

2-465 

0-949 

0-234 

Silicon 

1-960 

0-443 

0-112 

0-028 

0033 

Phosphorus 

0040 

0-040 

0-045 

0-045 

0  044 

Sulphur 

0-018 

trace 

trace 

trace 

trace 

Manganese 

3*460 

1-645 

0-429 

0113 

0-139 

Copper 

0-080 

0-091 

0  095 

0-120 

0-106 

Iron       

90-501 

95-316 

98-370 
100000 

99-607 

99-445 

99-989     ' 

100-000 

100-000 

100-000 
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Analtsbs  of  the  Pig-iron  axd  of  the  Bessemea  Chabob  at 
Different  Stages  of  the  Blow,  &c.,  as  Produced  in  the 

DowLAis  Works. 


Melted 

pig-iron 

as  charged 

into  the 
converter. 

Metal 

from  the 

converter 

at  the  end 

qf  the  first 

stage  o/  the 

Mow, 

Metal 
after 

blowing 
ford 

minutes. 

Metal  at 

end  of  Uow 

and  b^ore 

the  addition 

of  Spiegel- 

eisen. 

Steel 

from  tlie 

cast 

ingot. 

Steel 

from  the 

rolled 

rail. 

Graphitic  carbon 

2-070 

^__ 

^^^ 

Combined  carbon 

1-200 

2-170 

1-550 

0-097 

0-566 

0-519 

Silicon 

1-962 

0-790 

0-635 

0-020 

0-030 

0-030 

Sulphur 

0-OU 

trace 

trace 

trace 

trace 

trace 

Phosphorus 

0-048 

0-051 

0-064 

0-067 

0-055 

0-053 

Manganese 

0-086 

trace 

trace 

trace 

0-309 

0-309 

Copper 

— 

— 

0-039 

0-039 

Sources  of  Heat. — As  already  remarked,  the  heat 
evolved  by  the  oxidation  of  the  various  constituents  re- 
moved from  the  iron  is  sufficient  to  keep  the  whole  in  a 
molten  condition.  Knowing  the  composition  of  the  pig 
iron  used  and  the  heat  of  combustion  of  the  various 
constituents,  it  is  easy  to  calculate  approximately  what 
the  heat  evolved  would  be. 

For  example  : — 

Composition  of 
pig-iron. 

Carbon       3-5 

Silicon   , 2-5 

Sulphur      -06 

Phosphorus  '06 

Manganese 1-0 

Iron  ...        ,..        ...  — 

The  carbon  is  partly  oxidised  to  carbon-dioxide  and 
partly  to  carbon-monoxide.  It  will  not  be  far  out  if  it 
be  assumed  that  one-third  of  the  carbon  leaves  the  con- 
verter as  carbon-dioxide  and  two-thirds  as  carbon-mon- 
oxide. In  this  case,  since  the  calorific  power  of  carbon 
burning  to  carbon-dioxide  is  8080,  and  burning  to  cai;bon- 
monoxide  it  is  2400,  the  heat  evolved  by  the  combustion 

*         1.  J     *         1  M,  i^     8080  4-  2   X   2400  ,^^„ 

of  each  pound  of  carbon  will  be r =  4293 

o 

centigrade  units. 

The  calorific  power  of  silicon  is  7830  c.u. 


percentage  of  de- 

Elements 

ments  not  oxidised. 

oxidiud. 

-10 

3-4 

•10 

2-4 

•05 

•06 

1-0 

—            (sai 

r)        6-0 
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The  calorific  power  of  manganese  burning  to  manganese 
oxide  is  1724  c.u. 

The  calorific  power  of  iron  is  1582,  so  that,  putting 
these  together,  the  heat  evolved  by  the  combustion  of  the 
oxidisable  constituents  from  100  lb.  of  the  iron  would  be  : — 

Carbon  

Silicon  

Manganese  

Iron 


3-4 

X 

4293 

14596 

2-4 

X 

7830 

18792 

1 

X 

1724 

1724 

5 

X 

1528 

7640 

42762  c.  u 

Or  each  100  lb.  of  the  pig  iron  during  conversion  into 
steel  will  evolve  42752  units  of  heat.  The  actual  amount 
may,  of  course,  be  larger  or  smaller  according  to  the  com- 
position of  the  pig  iron  used  and  the  amount  of  iron 
oxidised. 

The  specific  heat  of  iron  being  '113795,  this  amount  of 
heat  would,  if  there  were  no  loss  of  heat,  raise  100  lb. 
of  iron  to  a  temperature  of  over  3700°  C.  above  its 
initial  temperature. 

One  pound  of  good  coal  gives  a  combustion  of  about 
8000  units  of  heat,  so  that  the  heat  evolved  in  the  converter 
per  100  lb.  of  iron  will  be  equal  to  that  given  by  the  com- 
bustion of  about  5*3  lb.  of  coal,  or  from  the  10  tons  heat 
about  equal  to  that  given  by  the  combustion  of  1,187  lb.  or 
nearly  10  cwt.  of  coal.  Imagine  10  cwt.  of  coal  to  be  burnt 
in  a  small  vessel  in  20  minutes,  and  it  will  not  be  diffi- 
cult to  see  that  a  very  high  temperature  must  be  produced. 

The  calculations  given  above  are  not  strictly  accurate, 
because  it  is  assumed  that  the  elements  oxidised  give  the 
same  amount  of  heat  as  they  would  do  if  burnt  in  the  free 
condition.  As  they  are  present  in  combination  this  is 
certainly  not  the  case,  but  the  compounds  in  which  the 
oxidisable  elements  exist  in  iron  are  formed  with  the 
evolution  or  absorption  of  such  small  quantities  of  heat 
that  the  figures  given  are  quite  near  enough  for  the 
purpose. 

At  the  end  of  the  blow  the  iron  contains  a  certain  ^ 

amount  of  oxygen,   probably  as  oxide  of  iron,  which  is  j 

taken  up  by  the  manganese  added  in  the  ferro-manganese.  I 

As  the  heat  of  oxidation  of  manganese  is  greater  than  that  * 
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of  iron  the  exchange  causes  an  evolution  of  heat,  which 
still  further  tends  to  raise  the  temperature  of  the  metal. 
Effect  of  the  Perro-manganese.— At  the  end  of  the  blow 
the  carbon  in  the  metal  will  have  been  reduced  to  about 
0*1  per  cent.,  and,  as  already  remarked,  oxygen  will  have 
been  taken  up.  As  the  steel  will  rarely  be  required  to 
contain  as  little  as  O'l  per  cent,  of  carbon,  it  is  necessary 
to  add  more.  This  is  done  by  the  addition  of  the 
speigeleisen  of  ferro-manganese,*  which  is  therefore 
called  the  recarburiser.  The  function  of  the  recar- 
buriser  is  twofold :  (1)  to  add  the  required  amount  of 
carbon;  (2)  to  add  sufficient  manganese  to  remove  the 
oxygen.  The  amount  to  be  added  is  calculated  from  the 
amount  of  carbon  required,  and  the  richer  the  ferro- 
manganese  the  less  will  be  needed  to  give  the  required 
amount  of  manganese.  Should  the  manganese  be  insuffi- 
cient in  quantity  some  of  the  carbon  would  be  oxidised, 
and  the  resulting  steel  would  be  too  low  in  carbon.  A 
slight  excess  of  manganese  is  therefore  always  added. 

Selection  of  Pig  Iron.-rThe  selection  of  pig  iron  for 
the  Bessemer  process  is  of  great  importance.  A  pig  speci- 
ally suitable  is  now  largely  made  under  the  name  of 
Bessemer  or  hsematite  pig. 

Since  phosphorus  and  sulphur  are  not  removed  during 
the  process  it  is  obvious  that  the  pig  iron  used  must  be  as 
free  as  possible  from  these  elements.  The  limits  usually 
fixed  by  British  steel  makers  are  :  Phosphorus,  006  per 
cent. ;  sulphur,  0*05  per  cent.  American  steel  makers  allow 
a  slightly  higher  percentage  of  phosphorus. 

The  amount  of  carbon  present  in  unimportant,  as  there 
is  always  sufficient  present  in  pig  iron  made  under  the 
conditions  necessary  for  the  production  of  a  haematite 
pig. 

The  amount  of  silicon  is  very  important.  British  steel- 
makers prefer  about  25  per  cent.,  and  specify  not  less 
than  2,  or  more  than  3,  per*  cent. 

If  the  silicon  is  too  high  the  blow  will  be  too  hot, 
for,  as  has  been  already  pointed  out,  the  silicon 
is  the  chief  source  of  heat  in  the  blow.    A  blow  which 

*  Ferro-manganese  may  contain  up  to  85  per  cent,  of  manganese  and 
about  7  per  cent,  of  carbon.  Spiegeleisen  contains  about  25  per  cent,  of 
manganese. 
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is  too  hot  gives  an  inferior  steel.  As  the  temperature 
becomes  very  high  the  carbon  is  apt  to  be  oxidised  out 
before  the  silicon,  because  at  very  high  temperatures 
carbon  will  decompose  silica,  liberating  silicon.  As  the 
drop  of  the  flame  by  which  the  end  of  the  blow  is  deter- 
mined depends  on  the  elimination  of  the  carbon  only,  the 
flame  might  drop  before  the  silicon  was  all  out,  and  thus 
silicon  in  objectionable  quantity  might  be  left.  When 
the  blow  seems  to  be  getting  too  hot,  the  converter  is 
turned  down  and  a  few  hundredweight  of  cold  steel  scrap 
is  added.  This  cools  the  charge  and  serves  to  dilute  the 
silicon. 

As  the  silicon  leaves  the  converter  as  silicate  of  iron, 
as  a  rule  the  larger  the  amount  of  silicon  in  the  iron  the 
greater  will  be  the  loss  of  iron  in  the  slag. 

Too  low  silicon  is  also  objectionable,  because  the  blow 
is  apt  to  be  cold,  especially  during  the  early  stages,  and 
**  skulls  "  of  solid  metal  may  be  formed  which  are  difficult 
to  remelt. 

The  Bessemer  process,  therefore,  requires  a  pig  iron  the 
composition  of  which  must  vary  only  within  narrow 
limits. 

Loss  and  Gain  of  Heat  in  the  Blow. — The  heat  of  the 
blow  is  : — 

(1.)  That  carried  in  by  the  molten  metal. 

(2.)  That  carried  in  by  the  air. 

(3.)  That  evolved  in  the  converter  by  the  combustion  of 
the  oxidisable  constituents  during  the  blow* 
The  heat  carried  out  is  : — 

(1.)  That  carried  out  by  the  hot  metaL 

(2.)  That  carried  out  by  the  gases. 

(3.)  That  lost  by  radiation. 
The  metal  which  leaves  the  converter  must  be  very  hot, 
as  it  is  not  very  fusible.  When  the  composition  of  the  pig 
iron  used  is  such  that  the  amount  of  heat  evolved  is  com- 
paratively small,  heat  must  be  supplied  by  other  means, 
or  the  loss  of  heat  must  be  reduced.  It  has  been  suggested 
to  heat  the  metal  very  strongly  before  putting  it  into  the 
converter,  and  also  to  heat  the  air,  but  neither  of  these 
methods  has  come  largely  into  use,  so  that  the  heat  of 
combustion  is  the  only  source  of  heat  that  can  be  depended 
upon. 
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The  heat  carried  out  by  the  gases  cannot  be  reduced, 
but  that  lost  by  radiation  can  be  reduced  to  some  extent 
by  quick  working,  because  it  takes  place  largely  whilst 
the  converter  is  standing  empty  between  the  blows. 

American  Bessemer  Practice. — In  America  the  pig  iron 
used  is  much  lower  in  silicon  than  that  used  in  tiiis  country, 
containing  usually  from  1  to  1*5  per  cent,  of  silicon  only, 
the  average  being  about  1*25.  It  is  obvious  that  with 
such  an  iron  the  amount  of  heat  evolved  will  be  small, 
and  also  that  the  blow  will  be  short,  as  the  time  mainly 
depends  on  the  amount  of  silicon  present.  As  the  blows 
are  very  short  the  converters  stand  empty  a  much  shorter 
time,  and  therefore  the  loss  of  heat  by  radiation  is  much 
smaller. 

In  America  the  time  of  blow  ranges  from  about  7  to 
12  minutes,  averaging  probably  about  9.  The  output 
of  a  given  plant  is  therefore  much  larger  than  in  this 
country,  but  the  work  is  much  harder  on  the  men,  and 
the  plant  has  to  be  arranged  so  as  to  deal  with  the  large 
output.  The  quality  of  the  steel  does  not  seem  to  be 
altered  in  any  way  by  the  quick  working. 

Hodifications  of  Bessemer  Plant. — The  form  of  the  con- 
verter  and  the  arrangement  of  the  plant  may  be  modi£ed 
without  in  any  way  altering  the  principles  of  the  process 
or  even  the  details  of  working. 

The  hood  of  the  converter  may  be  made  vertical  in- 
stead of  the  usual  inclined  form,  the  mouth  in  that  case 
being  horizontal.  This  has  the  advantage  that  the  pasty 
slag  is  more  easily  removed,  but  the  disadvantage  that, 
unless  the  converter  is  worked  tilted,  the  sparks  are  more 
likely  to  be  thrown  on  to  the  platform. 

The  converters  may  be  arranged  in  a  row  pointing 
backwards  instead  of  back  to  back,  and  a  set  may  be 
three  instead  of  two,  so  that  there  will  always  be  a  spare 
one  to  use  while  one  is  being  relined.  The  circular  cast- 
ing pit  may  be  replaced  by  a  longitudinal  pit  such  as 
will  be  described  in  connection  with  the  open-hearth  steel 
process,  or  the  ladle  may  be  transferred  to  a  second  critne, 
and  two  circular  pits  used  for  each  pair  of  converters. 

The  modifications  of  the  plant  are  indeed  almost  end* 
less,  each  engineer  designing  the  plant  to  suit  the  require- 
ments of  the  works. 
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The  Products. 

The  Steel. — The  Bessemer  process  is  almost  entirely 
used  for  making  steel  of  comparatively  low  carbon  content. 
Since  the  carbon  is  added  in  the  form  of  ferro-manganese, 
the  addition  of  a  large  percentage  of  carbon  would  mean 
the  use  of  a  large  quantity  of  ferro-manganese,  and  this 
would  introduce  a  considerable  quantity  of  impurities 
which  might  be  deleterious.  Steel  containing  over  0*5  per 
cent,  of  carbon  is  therefore  rarely  made.  The  end  of  the 
process  is  determined  by  the  drop  of  the  flame,  and  the 
turning  of  the  converter  must  be  very  prompt,  otherwise 
the  metal  will  be  overblown.  Unless,  therefore,  the  work 
is  most  carefully  done  the  steel  tends  to  be  somewhat 
irregular  in  composition. 

The  Slag. — The  quantity  of  slag  produced  varies  with 
the  composition  of  the  iron.  As  a  rule,  it  will  be  about 
1*5  cwt.  per  ton  of  iron,  but  may  vary  up  or  down 
very  considerably.  The  slag  is  essentially  a  silicate  of 
iron  or  manganese,  varying  between  the  types  R0,SiOj 
and  SROjSiOj.  It  always  contains  small  quantities  of 
lime,  alumina,  and  alkalies  derived  from  the  lining 
of  the  converter.  There  is  always  a  small  quantity  of 
a  very  refractory  siliceous  material  left  in  the  converter 
after  the  metal  is  poured.  The  following  analyses  will 
give  an  idea  of  the  nature  of  the  slag  : — 


1. 

2. 

8. 

Silica^           ...         .^. 

47-27 

46-76 

72-25 

Alumina      

3-45 

2-80 

2^43 

Ferrous  oxide 

16-63 

16-86 

20^65 

Manganese  oxide    ... 

31-89 

32-23 

2-95 

Lime 

1-23      ' 

1-19 

1-04 

Magnesia     

•61 

-62 

•13 

Phosphorus 

-01 

•01 

No.  3  is  a  siliceous  residue  left  in  the  converter. 

The  Gases. — The  escaping  gas  consists  of  a  mixture 
of  nitrogen,  carbon  monoxide  with  carbon  dioxide  during 
the  early  part  of  the  blow,  and  a  small  quantity  of 
hydrogen. 

During  the  early  part  of  the  blow  the  percentage  of 
nitrogen  is  high,  as  oxygen  is  being  absorbed  by  the 
oxidation  of  the  silicon.  The  following  analyses  by 
Snelus  will  give  an  idea  of  the  composition  of  the  gas  : — 
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Analyses  of  the  Gases  from  the  Mouth  of  the  Bessemer 

Converter.    (Snelus.) 


2 

'ime  ojter  commencement  of  blou 

;. 

After 

addition  of 

Spiegeleisen 

at  Bochum 

Works. 

Two 
minutes. 

Four 
minutes. 

Six 
minutes. 

Ten 
minutes. 

_ .  ._ 

Twelve 
minutes. 

Fourteen 
minutes. 

Carbonic  anhydride 
Carbonic  oxide     ... 

10-71 
None 

8-69 
3-95 

8-20 
4-62 

3-58 
19-69 

2-30 
29-30 

1-34 
3111 

82-6 

0-86 
78-55 

Oxygen     ... 
Hydrogen... 

•  •  • 

1 

0-92 

QQ.O'r 

0-88 

2-00 

2  00 

2-16 

200 

28 

1-32 
2-52 

Nitrogen   ... 

>      oo  Uf 

86-68 

85-28 

74-83 

66  24 

65-55    14-3 

1 

16-38 

The  temperature  of  the  flame  and  of  the  escaping  gases 
from  the  Bessemer  converter  at  any  period  of  the  blow 
falls  below  that  required  to  melt  a  wire  of  platinum  or 
of  an  alloy  of  platinum  and  iridium,  when  Jbhe  same  is 
held  within  the  flame;  whilst  a  wire  of  gold  is  always 
melted  during  the  boil  or  towards  the  end  of  the  blow; 
hence,  since  the  melting-point  of  gold  is  about  1,300^  C, 
and  taking  the  melting-point  of  platinum  as  2,000^  C, 
it  follows  that  the  -temperature  of  the  flame  rises  to  a 
point  exceeding  1,300°  C,  but  never  attains  to  2,000°  C. 

Durability  of  the  Converter. — The  bottom  of  the  con- 
verter wears  away  rapidly,  and  may  be  used  till  it  is 
reduced  to  about  6  in.  in  thickness.  The  actual  life  of  the 
bottom  depends  upon  various  conditions  :  on  the  care  with 
which  it  has  been  made,  the  size  of  the  tuyere  openings, 
and  the  pressure  of  the  blast.  The  usual  duration  is  about 
ten  to  twenty  heats. 

The  life  of  the  body-lining  depends  much  on  the  care 
with  which  it  has  been  made.  It  may  vary  from  one 
month  or  less  up  to  twelve  months.  Howe  mentions  one 
body  which  had  lasted  3,000  blows. 

Application  of  the  Spectroscope  to  the  Bessemer  Pro- 
cess.— The  spectroscope  has  been  applied  successfully  to 
the  analysis  of  the  flame  issuing  from  the  mouth  of  the 
Bessemer  vessel,  and  for  the  determination  accordingly 
of  the  proper  moment  at  which  to  turn  down  the  con- 
verter and  stop  the  blow;  but  the  conclusion  of  the  blow 
is  of  such  easy  practical  determination  to  the  practised 
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Bessemer  man  that  the  use  of  the  spectroscope  in  the 
regular  conduct  of  the  process  has  not  been  extensive 
in  England,  but  on  the  Continent  it  is  more  largely 
used.  The  principal  phenomena  observed  at  different 
periods  of  a  blow  lasting  24  ininutes,  as  seen  simultane- 
ously by  the  naked  eye  and  through  the  spectroscope,  are 
herewith  tabulated  : — 

PhBNOMESA   0B8ERYRD   BY   APPLICATION   OF   SpBCTROSCOPB   TO 

Bbssbmbr  Procbss. 


Minutes  from  the 
commencement  oj 
the  blow. 


4 
6 


6 
8 


10 


15 
20 
24 


Appeara)ices  presented  to  the 
naked  eye. 


Very  small  flame  with 
sparks  of  metal 

Flame  pale,  bat  increas- 
ing in  size 

Large  unsteady  flame 
Flame       brighter       and 
larger 

Boil  commenced  accom- 
panied by  bright  dense 
flame 


Flame  becomes  larger  and 
more  transparent 

Less  luminous  and  dimin- 
ishing volume  of  flame 

Flame  drops 


Appearance  of  the  spectrum. 


Faint  continuous  spectrum. 

Continuous  spectrum,  with 
two  yellow  sodium  lines 
flashing  across  it. 

Sodium  lines  steady  and  fixed. 

Yellow  sodium  lines,  with 
lines  also  in  the  red  and 
violet  bands,  appear. 

Spectrum  as  the  last,  but  with 
additional  lines  appearing 
in  the  red,  with  carbon  lines 
in  the  green  and  blue,  and 
other  manganese  lines  also 
in  the  green. 

Spectrum  more  distinct  and 
the  lines  better  defined. 

Spectrum  as  before,  but 
fading  in  intensity. 

Green  lines  in  the  carbon  and 
manganese  bands  disappear 
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CHAPTER    III. 

THE    BASIC    BESSEMER    PBOCESS. 

As  already  pointed  out,  the  iron  for  the  Bessemer  process 
must  be  free  from  sulphur  and  phosphorus,  and  therefore 
the  ordinary  pig  irons  produced  in  the  chief  iron-smelting 
districts  of  Great  Britain  are  quite  unsuitable  for  steel- 
making  by  it.  Many  workers  tried  to  so  modify  the  pro- 
cess that  it  might  be  applicable  to  the  treatment  of 
phosphoric  irons,  such  as  those  of  Middlesbrough  and  Scot- 
land. Snelus  and  others  saw  that  what  was  necessary  was 
to  abolish  the  acid  or  ganister  lining  of  the  converter 
and  replace  it  by  some  basic  material,  but  the  finding  of 
a  suitable  material  was  the  difficulty.  This  was  overcome 
by  Messrs.  Thomas  and  Gilchrist,  who,  in  1877,  intro- 
duced magnesian  limestone  (dolomite  or  dolomitic  lime- 
stone) as  the  basis  of  a  converter  lining. 

Principle. —The  impurities  are  oxidised  out  by  blowing 
air  through  the  molten  iron  till  the  carbon  and  silicon 
are  removed,  and  subsequently  recarburising  by  the  addi- 
tion of  fetro-manganese,  as  in  the  Bessemer  process.  The 
converter  *ls,  however,  lined  with  a  basic  material  instead 
of  with  siliceous  ganister.  Th6  drop  of  the  flame  is  not 
as  marked  as  in  the  Bessemer  process,  and,  as  there,  it 
indicates  the  removal  of  all  the  carbon,  but  so  much 
phosphorus  is  still  left  that  the  blow  must  be  continued 
(the  after-blow)  till  this  is  all  oxidised.  As  there  is  no 
external  indication  of  the  end  of  the  blow,  samples  are 
taken  and  examined  to  determine  when  the  blow  is  over, 

The  Plant. — The  plant  used  is  identical  with  that  used 
in  the  Bessemer  process,  except  that  the  converters  must 
either  be  made  larger  or  smaller  charges  must  be  worked. 
A  10-ton  acid  converter  will  hold  about  7  tons  when 
worked  basic.  The  converter  also  has  generally  a  straight 
hood,  and  the  mouth  therefore  is  parallel  with  the  bottom 
(see  Fig.  17). 
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Lining  the  Converter. —The  lining  of  the  converter  ia 
almost  always  the  dolomitic  or  magncBian  limestone  of  the 
North  of  England.  Dolomite  is  a  double  carbonate  of 
lime  and  magnesia,  CaCO^MgCO^,  and  the  magnesian 
limestone  consistB  of  this  mineral,  sometimes  with  an  ex- 
cess of  calcium  carbonate  and  with  a  small  percentage  of 
silica.  The  quantity  of  silica  usually  present  is  about 
4  per  cent.,  and  8  per  cent,  is  about  the  limit  allowable. 


Fig.  17. — Baflio  Beesemer  Converter. 

When  the  magnesian  limestone  is  heated  to  whiteness 
the  carbon  dioxide  is  expelled,  and  the  material  shrinks 
very  much,  a  magnesia-lime  being  left  which  slakes  very 
much  less  readily  on  exposure  to  the  air  than  does  a  purer 
lime.  In  order  that  this  "  lime  "  may  bind  so  as  to 
hold  together  until  the  temperature  is  high  enough  to 
enable  the  silica  present  to  frit  it  into  a  solid  mass,  some 
binding  material  must  be  used,  and  the  one  selected  by 
Messrs.  Thomas  and  Gilchrist,  and  which  is  now  gener- 
ally used,  is  boiled  or  anhydrous  tar — i.e.  tar  which  has 
been  heated  till  all  the  water  has  been  expelled.  Obviously 
tar  containing  water  could  not  be  used,  as  it  would  cause 
slaking  of  the  lime. 
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The  burnt  dolomite  is  ground  to  a  coarse  powder  (about 
J  in.),  and  is  then  mixed  with  the  hot  tar  in  a  mill,  the 
amount  of  tar  required  being  7  to  12  per  cent,  of  the 
weight  of  the  dolomite. 

Sometimes,  in  place  of  magnesian  limestone,  magnesite 
or  magnesium  carbonate  is  used. 

The  converter,  as  in  the  case  of  the  acid  process,  is 
lined  in  three  parts. 

Sometimes  tuyeres  of  a  basic  material  are  used,  being 
adjusted  exactly  as  in  the  ordinary  Bessemer  converter, 
but  more  usually  a  pin  bottom — i,e,  one  in  which  the  holes 
for  the  passage  of. the  air  are  made  through  the  bottom 
itself — is  used.  A  plug  is  first  made;  this  is  a  cylinder 
of  basic  material  the  size  of  the  bottom  plate  of  the 
converter  bottom.  A  bottom  plate,  provided  with  a 
large  number  (about  50  to  80)  of  pins,  about  i  in.  in 
diameter,  is  surrounded  by  an  iron  cylinder.  The  magnesia 
tar  mixture  is  then  spread  in  thin  layers,  and  is  stamped 
down  by  means  of  hot  iron  rammers  till  it  has  a  thickness 
of  about  15  to  18  in.,  40  or  50  layers  being  required. 
The  plug  is  then  lifted  away,  and  the  withdrawal  of  the 
pins  leaves  a  large  number  of  holes  through  it,  which  act 
as  tuyeres  for  the  passage  of  the  air.  The  plug  is  then 
lowered  into  the  cen^fe  of  the  converter  bottom,  and  the 
space  between  it  and  the  iron  shell  is  rammed  in  with  the 
hot  tar  mixture.  The  finished  bottom  is  then  covered 
with  a  layer  of  powdered  dolomite,  iron  ore,  or  other 
material  to  exclude  air,  is  placed  on  a  carriage  and  run 
into  an  oven,  where  it  is  strongly  heated  for  some  hours. 
In  place  of  hand-ramming,  hydraulic  pressure  is  now 
occasionally  used. 

The  body  may  be  lined  in  several  ways,  the  usual  way 
being  by  means  of  bricks.  The  magnesia-lime-tar  mixture 
is  made  into  bricks  by  pressing  in  a  hydraulic  press,  and 
these  bricks  are  set  in  a  magnesia-lime-tar  mortar,  or 
the  lining  may  be  made  by  ramming;  in  this  case  a 
wooden  core  is  placed  in  the  body  casing  and  the  magnesia- 
lime-tar  mixture  is  rammed  in  by  means  of  hot  rammers. 

The  hood  may  be  lined  either  with  bricks  or  by  ram- 
ming. The  joint  between  the  parts  of  the  converter  is 
made  with  a  mortar  of  the  same  materials  as  are  used  for 
the  lining  itself.     The  three  parts  of  the  converter  are  put 
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together  and  a  fire  is  lighted  inside  to  warm  and  dry  it 
before  it  is  put  into  use. 

In  a  plant  for  the  basic  process  an  upper  gallery  or 
gantry  is  provided  at  a  higher  level  than  the  charging 
platform,  from  which  lime  and,  if  necessary,  scrap  can 
be  charged  without  turning  the  converter  down. 

The  Blow.— The  converter,  being  hot  from  the  previous 
charge,  is  turned  into  the  required  position  and  a  quan- 
tity of  unslaked  lime  is  put  in  from  a  truck.  The  object 
of  the  lime  is  to  supply  material  for  the  slag,  and  thus 
as  far  as  possible  to  save  the  lining  of  the  converter  from 
corrosion.  The  amount  required  varies  from  about  10  to 
20  per  cent,  of  the  weight  of  the  charge,  15  per  cent,  being 
perhaps  about  the  average.  Allowing  15  per  cent,  for  a 
10-ton  charge,  the  amount  would  be  1*5  tons,  or  3,360  lb., 
and,  as  a  cub.  yd.  of  lime  weighs  about  1,200  lb.,  this  will 
be  about  2*75  cub.  yds.  It  will  be  seen,  therefore,  why 
the  converter  must  be  larger  for  the  basic  than  for  the  acid 
process.  The  lime  must  be  freshly  calcined,  well  burnt, 
and  as  free  as  possible  from  silica  and  phosphorus. 

The  converter  is  now  turned  down  and  charged  exactly 
as  in  the  ordinary  Bessemer  process,  the  blast  put  on,  and 
it  is  then  turned  up.  A  vigorous  ejection  of  sparks  begins 
as  the  iron  flows  over  the  tuyeres  and  continues  more  or 
less  during  the  whole  blow.  The  flame  is  similar  to  that 
of  the  ordinary  blow,  and  goes  through  the  same  changes. 
Wnen  the  carbon  is  all  removed  the  flame  drops,  but  the 
blow  is  not  yet  over,  for  though  the  silicon  and  carbon 
have  been  oxidised  out  the  phosphorus  still  remains,  and 
the  blow  must  be  continued  till  this  is  gone,  this  extra 
time  of  blow  being  called  the  "  after  blow."  There  is  no 
well-marked  indication  of  the  point  when  the  phosphorus 
is  removed,  so  the  "  blower  "  in  charge  continues  the  blow 
as  long  as  he  thinks  necessary.  Then  the  converter  is 
turned  down,  and  by  means  of  a  ladle  on  a  long  handle 
a  sample  of  metal  is  taken  from  the  converter  and  cast 
into  a  small  ingot.  This  ingot  is  flattened  under  a  steam- 
hammer  and  then  is  broken  across,  and  by  the  fracture 
the  condition  of  the  metal  can  be  judged.  The  presence 
of  even  a  small  quantity  of  phosphorus  imparts  a  coarsely 
crystalline  structure  to  the  metal,  and  as  the  phosphorus 
is  removed  the  structure  becomes  finer  and  finer,  and  ulti- 
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mately  becomes  that  of  normal  steel.  From  the  appear- 
ance, the  condition  of  the  metal  and  the  further  blowing 
required  is  judged.  Then  the  converter  is  turned  up  and 
the  blow  resumed  for  the  necessary  time ;  it  is  then  turned 
down  again,  another  sample  is  taken,  and  so  on  till  the 
sample  is  satisfactory.  As  soon  as  a  satisfactory  sample 
is  obtained,  the  slag  is  carefully  poured  oft  into  a  slag 
bogie,  leaving  the  surface  of  the  metal  as  clean  as  possible ; 
lime  is  added  to  stiffen  the  slag  which  remains,  and  the 
metal  is  then  poured  into  the  ladle,  any  slag  being  kept 
back  with  an  iron  rod,  and  the  recarburiser  is  added  as 
the  metal  flows,  and  the  metal  is  teemed  into  the  moulds 
as  usual.  As  soon  as  the  metal  is  all  out  the  converter 
is  turned  down,  the  residual  slag  poured  out;  then  it  is 
turned  up,  the  interior  examined  and  repaired  if  neces- 
sary by  the  addition  of  a  mixture  of  magnesian  limestone 
and  tar,  and  it  is  ready  for  the  next  blow. 

The  slag  must  all  be  poured  off  before  the  recarburiser 
is  added,  or  phosphorus  would  be  reduced  from  the  slag 
and  pass  into  the  metal. 

The  blow  takes  about  20  minutes,  though  it  may  be 
longer  or  shorter  according  to  the  composition  of  the  iron. 
Towards  the  end  of  the  blow,  after  the  silicon  is  all  re- 
moved, a  dense  brown  smoke  is  given  off  from  the  con- 
verter, which  is  probably  mainly  oxide  of  iron. 

It  will  be  seen  that  the  blow  differs  in  several  respects 
from  the  acid  blow.  (1)  Lime  is  added;  (2)  the  blow  is  not 
over  when  the  flame  drops ;  (3)  red  smoke  is  given  off ; 
(4)  the  slag  is  poured  off  as  completely  as  possible  before 
the  recarburiser  is  added.  The  loss  of  iron  is  also  con- 
siderably greater  than  in  the  acid  blow. 

Chemistry  of  the  Process.— The  chemical  changes  are 
very  similar  to  those  which  take  place  during  an  acid 
blow,    though   there   are   some   marked   differences. 

The  silicon  is  removed  more  rapidly  and  completely, 
because  of  the  large  amount  of  base  (lime)  ready  to  com- 
bine with  the  silica  formed,  and  also  perhaps  because 
the  temperature  of  the  blow  in  the  early  stages  is  lower. 
By  the  time  the  flame  drops  every  trace  of  silicon  has  been 
oxidised  out. 

The  carbon  is  also  very  rapidly  removed.  As  in  the 
acid  process,  the  flame  drops  when  the  residual  carbon 
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is  about  '1  per  cent.,  and  during  the  after-blow  this  is 
removed. 

Manganese  is  much  more  slowly  removed  than  in  the 
acid  process,  because  it  passes  out  as  manganese  silicate, 
and  there  is  but  little  silica  to  combine  with  it. 

The  removal  of  the  phosphorus  is  the  most  important 
reaction  in  the  whole  process.  No  phosphorus  is  oxidised 
during  the  earlier  period  of  the  blow,  and  very  little 
until  the  flame  drops.  After  that  the  oxidation  is  very 
rapid,  and  at  the  end  almost  the  whole  of  the  phosphorus 
is  removed. 

Sulphur  is  removed  only  to  a  small  extent;  a  little, 
however,  passes  into  the  slag. 

The  following  analyses  of  steel  at  various  periods  of  a 
blow  will  illustrate  the  way  in  which  the  various  con- 
stituents are  oxidised  out : — 

Analyses  of  Mbtal  at  Various  Periods  of  the  Basic  Bessemer 

Process  as  conducted  at  Eston. 


Carbon 
Silicon 
PhOBphoms 

Manganese 
Sulphur 


Metal  after  blowing  for 

Original 

14|  min. 

16  min. 

S5  stir 

pig-iron. 

6min. 

12  min. 

or  end  of 

ordinary 

blow. 

0-07 

16^  min. 

or  at  end 
of  offer- 
blow. 

3-57 

3-40 

0-88 

trace 

trace 

1-70 

0-28 

o-oi 

trace 

nil 

nil 

1*57 

1*68 

1*42 

1*22 

0-14 

0-08 

0-71 

0'66 

0-27 

0-12 

0-10 

trace 

0-OG 

0-06 

0-06 

0-05 

0-0.3 

0-05 

Steel 
after 

addition 
of 

epiegd. 


0-124 
0-030 
0-22 
0-270 
0  04 


Analyses  of  the  Charge  in  the  Basic- Lined  Converter  at 
the  Ehenish  Stfel  Works.     (Jordan.) 


Carbon     ... 
Silicon 
PhoBphoms 
Manganese 
Sulphur   . . . 


Original 

pig-iron 

from  the 

cupola. 


3-276 
0-476 
2  600 
1131 
0  062 


After 
blowing 
10  min. 


0-590 
0-222 
2-064 
0122 
01 39 


After  2  min. 

overblow  or 
15^  min. 
from  the 
commence- 
ment. 


0026 
0002 
0062 
0197 
0  051 


Sted  after 

addition  of 

Spiegel. 


0302 
0016 
0092 
0540 
0040 
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In  both  these  blows  the  phosphorus  is  considerably 
lower  than  is  now  generally  used,  but  this  only  necessi- 
tates a  shorter  after-blow.  As  will  be  seen  from  the 
second  series  of  analyses,  a  small  quantity  of  phosphorus 
is  re-reduced  on  the  addition  of  the  recarburiser. 

Source  of  Heat  in  the  Blow.*— The  principal  source  of 
heat  is  of  course  the  oxidation  of  the  oxidisable  constitu- 
ents in  the  pig  iron,  but  the  distribution  of  heat  is  some- 
what different  from  that  in  the  acid  process.  The  silicon 
is  oxidised  very  rapidly  at  the  outset,  and  is  followed  by 
the  carbon,  but  as  the  silicon  is  much  lower  than  in 
ordinary  Bessemer  pig,  the  temperature  at  the  beginning 
of  the  blow  is  lower.  When  the  after-blow  commences  the 
phosphorus  begins  to  oxidise,  and  rapidly  brings  up  the 
temperature  so  that  the  metal  is  hot  enough  to  pour. 

Assuming  the  composition  of  the  pig  iron  used  and  the 
amount  of  impurities  left  in  the  steel  to  be  as  under,  the 
actual  heat  evolved  can  easily  be  calculated. 


Pig  iron. 

Elements 
left  in  steel. 

OxidiMd, 

C.P. 

Heat  evolved 

Carbon  ... 

...     3-0 

— ^ 

3-5      X 

4150 

14525 

Silicon  ... 

...     10 

10      X 

7830 

7830 

Manganese 

...     20 

•1 

1-9      X 

1724 

3275 

Phosphorus 

...     30 

•08 

2  92    X 

5868 

17134 

Iron 

...      — 

15  0     X 

1582 

23730 

Total  heat  per  hundred  lb.  of  pig  iron 


66494 


From  this,  however,  there  is  a  small  deduction  that 
should  be  made,  though  it  is  not  of  any  very  great  im- 
portance. The  phosphorus  is  present  in  the  iron  as  a 
definite  phosphide  (FejP),  and  therefore  for  each  on« 
part  of  phosphorus  oxidised  6*42  parts  of  the  phosphide 
must  be  decomposed.  The  heat  of  formation  of  the  phos- 
phide is  about  3,247  units  for  each  part  of  phosphorus,  sc 
that  for  the  2'92  per  cent,  of  phosphorus  the  heat  ab- 
sorbed  by  the  decomposition  of  the  phosphide  would  ht 
2'92  X  3,247  =  9,481  units  to  be  deducted.  Against  this 
may  be  set  the  heat  evolved  by  the  union  of  the  lime  with 
the  phosphoric-anhydride  to  form  calcium-phosphate. 
Each  molecule  of  calcium-phosphate  (3CaOP205)  formed 
by  the  union  of  lime  and  phosphoric-anhydride  gives 
33,000  units  of  heat,  and  as  the  phosphate  contains  20  per 
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CQnt.  of  phosphorus,  each  one  part  of  phosphorus  will 
evolve  6,600  units  of  heat,  so  that  the  full  statement  of  the 
heat  evolved  would  be  : — 

Heat  evolved  by  oxidation  as  above       .,••  66494 

Heat  evolved  by  the  formation  of  caloiam  phosphate 

from  lime  and  phosphoric  acid,  6600    x    292       19272 

86766 
Less  heat  absorbed  by  decomposition  of  iron  phosphide        ...  9481 

Net  heat  evolution      76285 


It  must,  of  course,  be  understood  that  these  figures  are 
not  to  be  regarded  as  being  strictly  accurate,  but  only  as 
being  approximations  to  the  actual  heat  evolved. 

Selection  of  Pig  Iron. — The  object  with  which  the  basic 
Bessemer  process  was  sought  and  ultimately  discovered 
was  to  allow  of  the  use  of  such  pig  irons  as  those  of 
Cleveland  and  Scotland  for  steel-making.  This  object 
was  not  altogether  attained,  for  it  was  soon  found  that 
these  irons  did  not  contain  sufficient  phosphorus,  and  that 
it  was  better,  therefore,  to  make  a  special  iron  for  the 
purpose.  The  iron  made  for  this  purpose  is  called  Basic 
pig.  It  will  be  understood  that  it  has  no  basic  properties, 
but  that  it  derives  its  name  from  tiie  fact  that  it  is  used 
for  the  manufacture  of  steel  in  basic-lined  converters  by 
the  so-called  "  basic  "  process. 

A  good  basic  pig  should  be  low  in  silicon,  usually  not 
containing  more  than  1  per  cent,  and  sometimes  even 
less.  A  large  percentage  of  silicon  is  objectionable,  as  it 
prolongs  the  blow,  causes  the  blow  to  be  "  hot,"  and  at 
the  same  time  necessitates  the  use  of  a  large  quantity 
of  lime ;  but  any  amount  of  silicon  would  be  ultimately  re- 
moved during  the  blow.  Owing  to  the  small  percentage 
of  silicon  the  iron  is  usually  white,  whilst  Bessemer  pig, 
which  contains  a  large  ^quantity  of  silicon,  is  almost 
always  grey. 

The  amount  of  carbon  is  immaterial,  but  is  usually 
from  3  to  35  per  cent. 

The  amount  of  manganese  should  be  from  2  to  3  per 
cent.  The  manganese  tends  to  the  elimination  of  sulphur 
from  the  pig  iron,  and  by  its  oxidation,  which  is  spread 
over  the  whole  time  of  the  blow,  it  tends  to  give  a  steady 
evolution  of  heat. 
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The  amount  of  phosphorus  should  be  from  2  to  3*5  per 
cent.  If  the  phosphorus  be  too  low,  the  blow  may  be 
cold  at  the  end,  when  it  is  most  important  to  have  the 
metal  hot  enough  to  pour  well. 

The  Steel. — The  steel  may  be  made,  if  required,  milder 
than  is  possible  by  the  acid  process,  as  the  carbon  is  more 
completely  removed  during  tne  blow.  Unless  the  greatest 
care  is  taken  phosphorus  may  remain  in  the  metal  or  may 
be  reduced  from  the  slag.  For  this  reason  basic  Bessemer 
steel  is  never  used  for  purposes  where  a  small  quantity  of 
phosphorus  would  be  very  objectionable.  Steels  higher 
in  carbon  than  about  0*5  per  cent,  are  never  made. 

The  Slag. — The  slag  consists  mainly  of  a  mixture  of 
silicate  or  phosphate  of  lime.  Definite  crystals  of  a  tetra- 
calcic  phosphate,  4CaO,P205,(Ca4P209),  have  been  ob- 
tained, and  it  is  probable  that  the  phosphorus  is  mainly 
present  in  this  form.  Ordinary  tricalcic  phosphate 
(CaaPaOg),  however  finely  ground,  is  only  very  slowly 
assimilated  by  plants,  but  the  phosphorus  in  the  basic 
slag  is  rapidly  taken  up,  and  there  is  therefore  a  large 
demand  for  basic  slag  as  a  manure.  The  slag  is  very  finely 
ground  and  put  into  bags  for  the  market. 

The  amount  of  phosphoric  anhydride  present  varies 
from  about  12  to  about  22  per  cent.,  and  in  order  to 
secure  a  good  slag  for  manurial  purposes  an  iron  high  in 
phosphorus  must  be  used. 

An  average  good  quality  basic  slag  will  contain  about 


Phosphoric  acid 
Silica 
Lime 

Magnesia ... 
Ferrous  oxide 
Ferric  oxide 
Manganous  oxide 
Alumina,  etc. 


20  per  cent. 

6 
46 

6 
13 

2 

6 

2 


100 


CHAPTER     IV. 

UODIFIOATIONS     OF    THB     BESSEUBR     PROCESS. 

Bessemer  Ori^nal  Prooess.^ — The  procees  as  first  used  by 
Bessemer,  and  aB  carried  out  by  him  for  about  two  years 
at  his  works  in  Sheffield,  differed  from  the  process  as  now 
worked  which  has  just  been  described.  Bessemer  found 
that  when  the  blow  was  continued  till  all  the  carbon  was 
removed  the  steel  was  brittle  or  rotten,  and  as  he  bad  not 


Fig.  18. — Swedish  Fixed  Converter. 

adopted  the  use  of  manganese  as  a  deoxidiser,  as  suggested 
by  Mushet,  the  process  in  that  form  could  not  be  carried 
out.  Bessemer  therefore  stopped  the  blows  at  a  point 
when  a  considerable  quantity  of  carbon  was  left,  and 
when  therefore  no  oxygen  could  be  taken  up  by  the  iron, 
and  he  thus  made  a  high  carbon  steel,  which  could  be  used 
for  tool-making,  direct.  In  order  that  this  might  be  done 
it  was  necessary  to  use  an  iron  low  in  silicon,  such  as 
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Swedish  cold  blast  iron.  When  the  use  of  manganese  was 
discovered,  and  therefore  very  mild  steels  could  be  made, 
the  demand  for  these  became  so  great  that  the  original 
process  was  abandoned  and  has  never  been  revived  in  this 
■country. 

Swedish  Method. — In  Sweden  Bessemer's  original  pro- 
cess was  put  in  practice  even  before  Bessemer  had  started 
his  works  in  this  country.  The  converters  used  were,  how- 
ever, very  different  to  those  ultimately  adopted  by  Besse- 
mer, and  resembled  those  used  in  some  of  his  earlier 
experiments.  The  converter.  Fig.  18,  was  fixed  instead  of 
being  able  to  tilt,  and  therefore  the  metal  had  to  be 
tapped  out,  and  the  blowing  continued  until  the  metal  was 
all  out. 

The  first  converter  consisted  of  an  iron  casing,  lined 
with  ganister,  about  4  ft.  in  diameter  and  4  ft.  high.  At 
one  side  was  an  opening  by  which  the  molten  metal  could 
be  run  in,  a  tap  hole  by  which  the  steel  could  be  tapped 
out,  and  at  the  top  a  hood  to  carry  off  the  products  of 
combustion.  Round  the  lower  part  of  the  converter  was 
an  air  belt,  communicating  with  the  interior  of  the  con- 
verter by  a  series  of  openings,  just  at  the  bottom,  and  the 
bottom  itself  was  sloped  towards  the  tap-hole,  so  that  the 
metal  would  flow  out  when  the  tap-hole  was  opened. 
The  converter  being  hot,  the  blast  was  put  on,  and  the 
charge,  about  1  ton  of  pig  iron,  was  run  in.  As  soon  as 
it  was  judged  that  the  oxidation  had  been  continued  suffi- 
ciently long  the  tap-hole  was  opened  and  the  metal  tapped 
out  into  the  moulds. 

At  the  present  time  the  converters  used  in  Sweden  are 
of  the  usual  tilting  type,  but  are  of  small  size,  having  a 
capacity  of  about  3  tons.  They  are  acid  lined,  and  are 
worked  exactly  in  the  usual  way.  Owing  to  the  small  per- 
centage of  silicon  usually  present  in  the  iron,  the  blow  is 
comparatively  cold,  and  when  the  metal  was  run  into  the 
ladles  it  tended  to  chill  round  the  outside  and  form 
"  skulls,''  which  were  very  difficult  to  remove.  This 
trouble  is  overcome  by  the  use  of  Casperson's  Converter 
Ladle  (Fig.  19).  This  is  a  small  ladle  which  is  attached 
to  the  mouth  of  the  converter  and  into  which  the  metal 
is  run  in  small  quantities  at  a  time.  The  ladle  is  pro- 
vided with  a  tap-hole  and  plug  exactly  as  in  the  ordinary 
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large  ladles,  but  instead  of  the  ladle  being  moved  over 
the  moulds  as  in  the  ordinary  plant,  the  moulds  are 
brought  under  the  ladle  to  receive  the  metal.  Of  course, 
the  metal  still  containing  a  considerable  quantity  of  car- 
bon, is  much  more  fusible  than  the  nearly  carbon-free 
metal  obtained  in  the 'usual  process. 

The  iron  used  is  Swedish  iron,  nearly  free  from  phos- 
phorus and  sulphur,  and  containing  only  a  small  percen- 
tage of  silicon,  1  per  cent,  or  even  less  being '  common. 
The  converter  being  hot,  the  molten  metal  is  run  in  in 
the  usual  way,  and  the  converter  turned  up.    There  is. 


Fig.  19. — Caaperaon'a  Converter  Ladle. 

of  course,  no  external  indication  as  to  when  the  metal 
has  been  sufficiently  blown,  so  the  blower  uses  his  judg- 
ment, turns  down  the  converter  when  he  thinks  the  time 
has  arrived,  and  takes  a  sample  by  means  of  a  long  spooD, 
and  pours  it  into  a  mould.  The  sample  is  hammered  and 
broken,  and  from  it  the  condition  of  the  metal  is  deter- 
mined. If  necessary,  the  converter  is  turned  up  again, 
and,  as  soon  as  a  good  test  is  obtained,  the  metal,  with  or 
without  the  addition  of  a  little  ferro-manganese,  is  poured 
into  the  moulds. 

Bessemer  steel  containing  from  1  to  15  per  cent,  of 
carbon  ia  largely  made  by  this  process,  and  it  is  imported 
into  this  and  other  countries,  where  it  is  often  melted  in 
crucibles  to  make  crucible  cast  steel. 
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The  loss  of  iron  is  very  considerable,  varying  from  9  to 
12  per  cent. 

In  order  that  the  process  may  be  successfully  carried 
out,  it  is  essential  that  the  iron  be  low  in  silicon,  and 
it  should  also  be  of  very  uniform  composition,  so  that  the 
end  may  be  nearly  hit  by  the  time  occupied  in  the  blow. 

Since  the  introduction  of  larger  blast  furnaces  and  the 
hot  blast  into  Sweden,  iron  is  often  made  containing 
2  per  cent,  or  more  of  silicon.  This  is  converted  into 
steel  in  the  usual  way  of  blowing  till  the  flame  drops,  and 
then  adding  ferro-manganese. 

Side-blown  Converters.  —  In  the  converters  usually 
used  the  air  is  blown  in  at  the  bottom;  they  are  therefore 
called  bottom-blown  converters,*  but  many  converters  have 
been  designed  in  which  the  air  blown  is  not  at  the 
bottom  but  at  the  side,  and  are  called  side-blown  con- 
verters. The  use  of  these  converters  necessitates  some 
modifications  in  the  method  of  working.  It  will  be  suffi- 
cient here  to  describe  the  one  which  is  now  most  largely 
employed. 

The  Tropehas  Process. — This  process  is  mainly  used  for 
the  manufacture  of  steel  in  small  quantities  for  castings, 
and  for  this  purpose  a  high  temperature  must  be  at- 
tained. 

The  converter  is  circular  in  form,  externally  not  unlike 
the  ordinary  converter,  but  much  smaller,  and  it  is  sup- 
ported on  trunnions  in  the  usual  way.  The  bottom  of  the 
converter  is  tapered  so  as  to  expose  a  considerable  surface 
of  metal  to  the  air  and  at  the  same  time  be  of  consider- 
able depth.  The  tuyeres  are  on  one  side  of  the  con- 
verter only,  arid  are  at  such  a  height  that  when  the 
converter  is  vertical  they  would  be  a  little  beneath  the 
surface  of  the  metal.  As  a  rule,  there  are  two  rows  of 
tuyeres,  one  a  little  above  the  other  (Figs.  20  to  23).  The 
molten  metal  is  run  into  the  converter,  and  it  is  placd  at 
such  an  angle  that  the  air  plays  upon  the  surface  of  the 
metal,  not  through  it.  When  the  evolution  of  carbon-mon- 
oxide becomes  rapid,  the  converter  is  turned  a  little  more 
liji right  and  air  is  sent  in  from  the  second  row  of  tuyeres, 
so  as  to  burn  the  carbon-monoxide  evolved  to  carbon- 
dioxide  within  the  converted,  and  thus  increase  the  tem- 
perature.    Frequently,  however,  the  upper  row  of  tuyeres 
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is  not  used.  It  will  be  seen  that  the  oxidation  is  mainly 
brought  about  by  the  oxidising  action  of  the  elag,  as  in  the 
open-hearth  procesa,  and  not  by  air  passing  through  the 
metal  as  in  the  ordinary  Bessemer  process.  The  converter 
may  have  either  an  acid  or  a.  basic  lining.  The  capacity 
of  the  converters  varies  from  about  10  cwt.  up  to  2  tons, 


Fiff.  20.  F^.  21. 

Figa.  30  and  31.— Sections  of  Tropeotis  Converter. 


Fig.  23.  Fig.  23. 

FigB,  22  and  23.— Plan  of  Tropenaa  Converter. 

and  the  loss  of  iron  during  the  time  occupied  by  the  blow 
is  said  to  be  about  14  per  cent. 

Fixed  Converfers.^Aa  already  mentioned,  the  first  con- 
verters used  in  Sweden  were  fixed,  the  charge  being  tapped 
out,  and  many  modified  forms  of  fixed  converters  have 
been  introduced,  with  more  or  less  success,  mainly  for 
working  small  charges.  A  fixed  converter  must  be  side 
blown,  and  the  tuyeres  may  either  he  at  the  bottom  when 
the  converter  is  low  blown  or  at  a  higher  level,  when  it 
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is  called  a  bigh-blown  converter.    (Fig.  24  shows  Hatton's 
Fixed  Converter.) 

The  blast  muBt  be  started  before  tbe  metal  is  run  in, 
or  at  any  rate  before  it  reaches  the  tuyere  level,  and 
muBt  be  continued  until  the  metal  is  all  out  of  the  coo- 
Torter.  It  often  happens,  therefore,  that  the  metal 
towards  tbe  end  of  the  tap   is  over^blown.     Several   de- 


Fig.  24.— Hatton'8  Used  Converter. 

vices  have  been  introduced  for  minimising  the  oxidation 
during  tapping  by  reducing  tbe  blast  to  just  sufEclent  to 
keep  the  metal  out  of  the  tuyeres. 

If  anything  goes  wrong  with  the  tuyeres,  or  if  there 
is  delay  in  tapping,  the  charge  will  be  spoiled  and  the 
metal  must  be  scrapped.  The  loss  of  iron  is  usually  higher 
with  fixed  converters  than  with  those  of  the  ordinary 
type,  and  red  smoke  usually  escapes  towards  the  end  of 
the  blow. 

Small  Converters. — Tbe  ordinary  Bessemer  process  is 
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only  suitable  where  a  very  large  output  is  required,  aiwi 
many  attempts  have  been  made  to  obtain  small  outputs 
by  the  use  of  small  converters  valrying  in  capacity  from 
a  few  hundredweight  up  to  one  or  two  tons.  Fixed  con- 
verters have  been  used,  or  tilting  converters  blown  at 
the  side  instead  of  at  the  bottom,  or  small  bottom-blown 
converters  of  the  usual  type  have  been  used,  and  the  ladle 
has  been  dispensed  with  by  lifting  the  whole  converter  by 
means  of  a  crane  and  pouring  the  metal  directly  into  the 
moulds. 

The  great  trouble  with  small  converters  is  the  cooling 
due  to  radiation,  and  the  difficulty,  therefore,  of  keeping 
the  metal  hot  enough  to  pour.  The  loss  by  oxidation  is 
also  larger  than  in  the  large  converters. 

History  of  the  Bessemer  Process.— Bessemer  commenced 
his  experiments  on  the  manufacture  of  iron  in  the  year 
1852.  By  1856  he  had  proved  his  method  practicable,  and 
at  the  meeting  of  the  British  Association  at  Cheltenham 
in  the  August  of  that  year  he  read  a  paper  giving  an 
account  of  his  process.  He  continued  his  experiments, 
and  in  1858  the  first  practicable  plant  was  erected  in 
Sweden.  In  1860  Bessemer  started  the  works  at  Sheffield, 
where  for  the  first  time  Bessemer  steel  was  made  in  Great 
Britain.  For  the  first  two  years  the  steel  made  was  mainly 
tool  steel,  Swedish  pig  iron  being  used  and  the  blow  being 
left  while  there  was  still  sufficient  carbon  for  the  purpose 
left  in  the  metal.  R.  Mushet,  who  had  heard  Bessemer' s 
first  paper,  suggested  the  use  of  manganese,  and  thus  the 
difficulty  in  the  manufacture  of  very  mild  steel  was  over- 
come. 

In  1872,  at  the  meeting  of  the  Iron  and  Steel  Institute, 
Mr.  Ed.  Snelus  stated  that  he  was  working  at  the  problem 
of  the  use  of  phosphoric  irons  in  the  Bessemer  converter. 
Early  in  the  seventies  Messrs.  S.  G.  Thomas  and  P.  C. 
Gilchrist  took  up  the  matter,  and  about  1877  obtained 
satisfactory  results,  and  their  process  was  described  before 
the  Iron  and  Steel  Institute  in  1878, 
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CHAPTER    V. 

OAS     PRODUCERS     AND     THE     SIEMENS     FURNACE. 

The  second  modern  process  of  steel-making,  which  is  the 
great  rival  of  the  Bessemer  process,  is  that  known  as  the 
Siemens  or  open-hearth  process.  As  this  depends  on  the 
use  of  producer  gas  as  fuel,  and  the  regenerative  furnace 
of  Sir  W.  Siemens,  it  will  be  most  convenient  to  describe 
these  before  passing  to  the  actual  process  of  steel-making. 

Prodacer  Gas. — Ordinary  coal  gas,  made  by  distilling 
coal,  would  be  an  excellent  fuel,  but  it  is  far  too  costly 
for  use  on  the  large  scale.  Only  a  small  proportion  of 
the  coal  used  in  making  the  gas  is  gasified,  the  larger 
proportion,  60  or  70  per  cent.,  being  left  in  the  form  of 
coke.  In  any  system  of  gas  production  in  which  the  gas 
must  be  very  cheap  the  whole  of  the  fuel  must  be  gasified. 
This  is  done  in  the  preparation  of  producer  gas. 

Principle. — ^When  air  is  sent  over  red-hot  coke,  the  coke 
burns,  and  if  the  temperature  is  high  and  the  coke  is  in 
excess  carbon-monoxide  is  produced ;  thus  0  +  0  =  CO, 
any  carbon-dioxide  formed  at  first  being  decomposed  by 
the  hot  coke,  CO,  +  C  =  2C0. 

Air  consists  of  about  79  per  cent,  of  nitrogen  and  21 
per  cent,  of  oxygen  by  volume,  neglecting  the  other  con- 
stituents, which  are  present  only  in  small  quantity.  When 
carbon  is  burnt  to  carbon-monoxide,  the  carbon-monoxide 
occupies  exactly  twice  the  volume  of  the  oxygen  which  it 
contains  under  the  same  conditions  of  temperature  and 
pressure,  so  that  if  100  volumes  of  air  be  taken,  the  21 
volumes  of  oxygen  will  yield  42  volumes  of  carbon- 
monoxide,  and  the  resulting  gas  will  contain  79  volumes 
of  nitrogen  and  42  volumes  of  carbon-monoxide,  or  its 
percentage  composition  will  be 

Carbon-monoxide  ...         34  7 

Nitrogen  ...         ...         ...         ...         ...         ...         65'3 

100-0 
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As  carbon-monoxide  and  nitrogen  have  the  same  specific 
gravity,  the  composition  of  the  gas  by  weight  will  be  the 
same  as  its  composition  by  volume. 

Such  a  gas  may  be  called  simple  producer  gas.  It  is 
combustible,  but  has  a  very  low  calorific  power.* 

The  calorific  power  of  carbon-monoxide  is  2430  C.U.,  so 
that  that  of  the  gas  is  '347  x  2430  =  843  C.U.,  or  1489 
B.Th.U. 

The  gas  is  produced  by  the  partial  combustion  of  the 
fuel,  and  this  necessarily  evolves  heat. 

One  pound  of  carbon  in  burning  forms  2}  lb.  of  carbon- 
monoxide,  and  evolves  2400  C.U.  of  heat  (4320  B.Th.U.), 
and  the  2^  lb.  of  carbon-monoxide,  further  burning,  forms 
3f  lb.  of  carbon-dioxide,  and  evolves  5680  C.U.  (10220 
B.Th.U.). 

The  former  quantity  is  evolved  in  the  producer,  and 
is  therefore  largely,  if  not  entirely,  lost  as  far  as  heating 
the  furnace  is  concerned,  whilst  the  latter  is  evolved  in  the 
furnace  and  can  therefore  be  usefully  used.  Thus,  of  the 
total  8080  C.U.  which  the  1  lb.  of  carbon  gives  on  combus- 
tion, 2400,  or  nearly  30  per  cent.,  is  evolved  in  the  pro- 
ducer, and  is  therefore  lost.  In  practice  there  is  always 
some  carbon-dioxide  in  the  gas,  so  that  the  evolution  of 
heat  in  the  producer  and  consequent  loss  is  even  greater. 

Thus  in  simple  producer  gas  the  gas  is  very  poor,  and 
has  been  obtained  at  a  cost  of  about  30  per  cent,  of  the 
heating  power  of  the  fuel. 

In  order  that  producer  gas  may  be  successfully  used 
it  is  necessary  to  obtain  a  better  gas  with  a  less  loss  of 
heat. 

Steam-enriched  Gas. — ^When  steam  is  blown  over  red-hot 
coke  it  is  decomposed,  carbon-monoxide  being  formed  and 
hydrogen  liberated ;  thus  C  +  H^O  =  CO  +  2H.  It  will 
be  seen  that  the  amount  of  carbon-monoxide  produced  is 

*  The  calorific  power  is  the  number  of  units  of  heat  erolved  by  the  com- 
bustion of  1  lb.  of  the  substance. 

Two  calorific  units  are  in  use.    The  C.U.,  which  is  used  in  this  book,  is 

the  amount  of  heat  required  to  raise  1  lb.  of  water  1°  G.    The  British 

thermal  unit,  B.Th.U.,  is  the  amount  of  heat  required  to  raise  1  lb.  of  water 

1°  F.    The  C.U.  :  the  B.Th.U.  as  9  :  5.    So  that 

^  X  9 
An  amount  of  heat  expressed  by  x  C.U.  is — ^ —  B.Th.U. ,  and  an  amount 

of  heat  represented  by  y  B.Th.U.  is  * — ^j —  C.U. 
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exactly  the  same  as  if  the  carbon  were  burnt  in  air,  but 
it  is  now  accompanied  by  its  own  volume  of  combustible 
hydrogen  instead  of  nearly  twice  its  volume  of  inert  and 
therefore  useless  nitrogen.  The  production  of  the  mixture 
of  hydrogen  and  carbon-monoxide  from  carbon  and  steam 
involves  two  changes,  each  of  which  will  be  accompanied 
by  thermal  changes,  viz.  water  is  decomposed  and  carbon- 
monoxide  is  formed,  and  for  each  gramme  molecule — i.e. 
18  grammes — of  water  decomposed,  1  gramme  molecule — 
i.e.  28  grammes — of  carbon-monoxide  will  be  formed.  The 
formation  of  carbon-monoxide  evolves  heat,  but  the  de- 
composition of  the  water  absorbs  heat.     Thus 

Carbon  monoxide      =        2400   x    12      =      28800  + 
Water  ==    ^29000    x     2      =      68000  - 


29200  - 

Each  12  grammes  of  carbon  burnt  by  steam  therefore 
causes  an  absorption  of  about  29000  C.U. 

It  is  quite  obvious,  therefore,  that  steam  alone  cannot 
be  used,  as  it  would  very  rapidly  cool  the  fuel  to  below 
the  temperature  at  which  the  decomposition  can  take 
place,  and  the  action  would  cease,  but  if  air  and  steam  be 
blown  in  together  in  suitable  proportions  the  combustion 
of  the  carbon  by  air  will  evolve  enough  heat  to  make  up 
for  the  absorption  of  heat  by  the  decomposition  of  steam. 

As  12  lb.  of  carbon  burning  to  carbon-monoxide  will 
evolve  28800  C.U.,  it  is  obvious  that  if  there  were  no  loss 
of  heat,  and  the  temperature  of  decomposition  was  once 
attained,  it  could  be  maintained  by  the  combustion  of  a 
little  over  1  lb.  of  carbon  by  air  for  each  1  lb.  burnt 
by  steam. 

These  conditions  are,  of  course,  unattainable.  The 
gas  leaves  the  producer  at  a  high  temperature  and  carries 
away,  therefore,  a  considerable  amount  of  heat,  and  there 
is  also  loss  by  radiation,  so  that  in  practice  about  4  or 
5  lb.  of  carbon  must  be  consumed  by  air  for  each  1  lb.  con- 
sumed by  steam.     It  is  easy  to  calculate  what  should  be 

•  The  calorific  power  of  H  burning  to  form  water  as  determined  by 
experiment  is  about  34180.  This,  however,  includes  the  heat  evolved  by 
the  condensation  of  the  steam  to  water,  whilst  in  this  case  the  steam  and 
hydrogen  are  in  the  gaseous  condition  all  the  time.  The  latent  heat  of 
steam  is  about  537,  and  as  each  1  part  of  H  gives  9  parts  of  water,  this  will  be 
4814,  which  deducted  from  34180  leaves  29366.  or  in  round  numbers  29000. 
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th3  composition  of  a  gas  obtained  by  the  combustion  of, 
say,  1  lb.  of  carbon  by  steam  to  5  lb.  by  air.  It  will  be 
convenient  to  take  12  parts  of  carbon  as  the  standard, 
because  12  grammes  of  carbon  burnt  by  oxygen  will  give 
22*4   litres   of   carbon-monoxide   and   of   hydrogen. 

12  lb.  of  carbon  biii-nt  by  steam  gives  ...  22-4  litres  hydrogen. 

12  lb.  of  carbon  burnt  by  steam  gives  ...  22*4  litres  carbon-monoxide. 

60  lb.  of  carbon  burnt  by  air  gives  ...  112*0  litres  carbon-monoxide. 

60  lb.  of  carbon  burnt  by  air  gives  ...  209*2  litres  nitrogen. 

So  that  the  composition  of  the  gas  will  be — 


By  voL 

By  weight. 

Hydrogen 

22*4 

=       6-1 

•46 

Carbon-monoxide 

134*4 

=     367 

38*91 

Nitrogen 

209*2 

=     67-2 

60-63 

3660  100*0  100-00 


Owing  to  its  extreme  lightness,  a  large  percentage  of 
hydrogen  by  volume  only  represents  a  small  proportion  by 
weight.  It  will  be  at  once  seen  that  the  gas  obtained 
by  the  use  of  steam  is  much  better  than  that  obtained  by 
air  alone.  The  proportion  of  combustible  gas  is  increased 
from  34*7  to  42*8,  and  of  this  part  is  now  hydrogen,  which 
has  a  high  calorific  power. 

The  calorific  power  of  the  gas  is — 

Hydrogen       0056    x    29000     =     162*4 

Carbon-monoxide       ...         -3891    x     2400     =     933*8 


1096*2 


An  increase  of  253  units,  or  about  30  per  cent. 

The  loss  of  heat — that  is,  the  heat  evolved  in  the  pto- 
ducer — is  also  much  less. 

Since  the  gas  contains  38'9l  per  cent,  of  carbon- 
monoxide,  it  will  contain  38*91  x  -J|^  =  16"7  per  cent,  of 
carbon,  so  that  1  lb.  of  the  gas  will  contain  '167  lb.  of 
carbon. 

-167  lb.  of  carbon  if  completely  burnt  to  carbon  dioxide 

would  give         -167    X   8080     =     1349  C.U. 

1  lb.  of  the  gas  will  give 1096, 

Dift  255 


The  loss  is,  therefore,  255  units,  or  about  19  per  cent. 
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A  gas  is  thus  produced  having  a  much  higher  heating 
power,  wit)i  a  much  smaller  loss  of  heat  in  the  producer. 
In  practice,  a  still  better  gas  is  obtained  t)y  the  use  of 
coal  in  the  producer.  The  coal  is  distilled  by  the  heat 
of  the  ascending  gases,  and  the  coal  gas  passes  away  with 
the  producer  gas,  the  residual  coke  being  afterwards  burnt 
by  the  air  and  steam  as  described  above. 

The  following  analyses  of  producer  gas  will  give  an  idea 
of  its  general  composition :  — 

L  2.                3.  4. 

Hydrogen           ...  440  8-60  14-81  1213 

Methane,  etc.     ...  —  240              114  2-00 

Carbon-monoxide  26-60  24 '40  23  11  26-40 

Carbon-dioxide...  4-30  5*20              4*84  9'16 

Nitrogen            ,..  6570  59-40  66-10  50-31 

Combustible  X    ...  30-00  35-40  39-06  4033 

The  quantity  of  nitrogen  in  the  gas  is  a  measure  of  the 
quantity  of  air  used,  since  practically  all  the  nitrogen 
comes  from  the  air.  The  hydrogen  is  derived  partly  from 
the  decomposition  of  the  steam,  and  partly  from  the  dis- 
tillation of  the  coal,  as  coal  gas  contains  about  50  per 
cent,  of  hydrogen.  The  methane  and  other  hydrocarbons 
are  derived  almost  entirely  from  the  coal. 

It  will  be  noticed  that  all  the  samples  contain  carbon- 
dioxide,  none  of  which  was  given  in  our  calculated  gases. 
The  presence  of  carbon-dioxide  is  very  objectionable,  and 
the  smaller  the  quantity,  as  a  rule,  the  better  the  gas ; 
indeed,  under  ordinary  circumstances,  the  quantity  of 
carbon-dioxide  present  is  an  inverse  measure  of  the  quality 
of  the  gas.  The  presence  of  carbon-dioxide  is  due  either  to 
(1)  too  low  a  temperature,  which  is  almost  always  pro- 
duced by  the  use  of  too  much  steam,  or  (2)  to  the  column 
of  hot  coke  being  too  short  to  allow  of  its  complete  decom- 
position by  the  hot  carbon.  The  regulation  of  the  quantity 
of  steam  is,  therefore,  of  the  utmost  importance,  and,  as 
a  rule,  too  little  steam  is  better  than  tqo  much.  The 
best  test  of  the  worthing  of  a  producer  is  the  analysis  of  the 
gas  produced,  and  at  least  the  car)3on-dioxide  should  be 
periodically  determined. 

The  influence  of  the  carbon-dioxide  is  threefold.  (1)  The 
carbon  present  as  carbon-dioxide  is  present  in  a  non- 
combustiblQ  form,  and  is  therefore  useless  ;   (2)  the  for- 
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mation  of  the  carbon- dioxide  uses  up  twice  as  much  oxygen 
as  does  the  formation  of  carbon-monoxide,  and  therefore 

increases  the  percentage  of  nitrogen  in  the  gas;  and  (3) 
the  formation  of  carbon -dioxide  evolves  a  large  quantity 
of  heat  in  the  producer  where  it  is  not  needed,  which  is 
thus  lost. 


Fig',  2.). — Open-type  SEemens  Gas  Producer. 

The  gas  as  it  passes  from  a  coal-fed  producer  is  always 
laden  with  tar.  This  is  carried  forward  by  the  gas,  and 
may  either  be  condensed  in  the  mains,  or  carried  forward 
into  the  regenerators  of  the  furnace;  in  either  case  it  is 
objectionable.  The  tar  may  be  removed  by  condensation, 
or  by  washing,  the  removal  by  the  former  method  being 
only  partial,  or  it  may  be  destroyed  by  passing  the  gas 
through  a  column  of  hot  coke,  when  it  is  broken  up  into 
fixed  carbon  and  permanent  gases. 
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Oas  Producers. 

The  Siemens  Producer. — The  form  of  gas  producer  in- 
troduced by  Siemens  (Fig.  25)  was  at  one  time  largely  used 
but  has  now  been  superseded  by  more  efficient  forms. 
It  consisted  of  a  brick  chamber  or  fire-plaCe  about  8  ft. 
square  and  8  ft.  deep,  provided  at  the  bottom  with  a  set 
of  fire-bars.  It  was  provided  at  the  top  with  a  charging 
opening  and  a  vertical  pipe  or  main,  through  which  the 
gas  was  drawn  off.  When  at  work  it  was  kept  full  of 
fuel,  and  combustion  went  on  as  already  described.  The 
air  entering  through  the  bars  burnt  the  carbon^  partly  to 
carbon-dioxide  and  partly  to  carbon-monoxide,  and  the 
former  was  to  a  large  extent  decomposed  as  it  passed  up 
through  the  hot  fuel.  The  coal  was  distilled  by  the  heat  of 
the  ascending  gases.  Steam  was  supplied  by  keeping  water 
in  the  ashpit,  and  sprinkling  water  on  the  bars. 

The  ash-pit  being  open,  the  gas  had  to  be  drawn 
through  by  means  of  a  natural  or  chimney  draught.  If 
the  furnace  in  which  the  gas  was  to  be  burnt  was  at  a 
higher  level  than  the  producer,  the  hot  gas  would  natur- 
ally find  its  way  upwards.  This,  however,  was  very  rarely 
the  case,  and  to  provide  a  draught  Siemens  designed  the 
overhead  cooling  tube,  which  continued  in  use  for  a  long 
time. 

The  producers  were  placed  at  a  considerable  distance 
from  the  furnaces.  The  gas  .passed  into  a  vertical  tube 
14  or  15  ft.  in  height,  then  through  a  horizontal  tube, 
and  then  descended  to  the  furnace  by  another  vertical 
tube.  The  gas  passing  along  the  horizontal  tube  was 
cooled  very  considerably,  so  that  the  gas  in  the  down- 
comer  tube  was  cooler  and,  therefore,  denser  than  that 
in  the  up -comer  tube ;  as  a  result,  a  syphon  action  was 
set  up,  and  the  gas  was  drawn  over.  At  the  same  time, 
a  considerable  amount  of  tar  was  condensed  in  the  tubes. 

With  producers  with  open  ash-pits  combustion  is 
very  slow,  not  more  than  10  lb.  of  fuel — and  often  much 
less — being  gasified  per  square  foot  of  grate  per  hpur. 
Very  little  steam  can  be  used,  and  as  the  temperature 
is  always  low,  the  gas  is  usually  of  poor  quality. 

Closed  Hearth  Producers.— The  producers  now  generally 
used  differ  from  the  Siemens  in  being  worked  completely 

E 
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closed,  the  air  required  for  combustion  being  blown  in 
with  the  Bteam.  As,  therefore,  there  is  air  pressure  Id  the 
producer  itself,  no  chimney  draught  is  necessary. 

BloweTa.—T!h&  steam  and  air  are  almo«t  always  sup- 
plied together  by  means  of  a  steam-jet  blower.  This 
simply  consists  of  a  ateam  iet,  about  \  in.  in  diameter, 
supplied  with  steam  at  a  pressure  of  from  40  to  70  lb. 
per  square    inch,    placed    above   a   tube,    about  8  in.    in 


Fig.  27.—  Section  of  Wilson  Gas  Frodacer. 


Fit!.  28.— Plan  o£  Wilson  Gas  Prodncer. 


diameter,  the  upper  portion  of  which  is  in  the  form  of 
an  inverted  cone,  whilst  its  lower  part  is  slightly  conical 
(Fig.  26).  As  the  steam  rushes  from  the  jet,  it  carries 
with  it  by  friction  a  considerable  quantity  of  air.  The 
amount  of  air  carried  forward  depends  on  the  surface  of 
the  steam  jet  and  on  the  velocity  of  the  steam,  and  with 
the  ordinary  solid  jet  the  proportion  of  ateam  to  air  is 
usually  larger  than  is  necessary.  Various  other  forms  of 
jet  have  been  devised,  such  as  the  annular  jet,  in  which 
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the  steam  is  blown  through  an  annular  opening,  so  as  to 
form  a  cylinder  of  steam,  and  thus  give  a  much  larger 
surface  for  a  given  quantity  of  steam,  and  as  air  may  be 
admitted  to  the  inside  of  the  jet,  the  surface  can  be 
still  more  largely  increased.  Some  jets  are  made  adjust- 
able, so  that  the  width  of  the  ring  of  steam  and,  therefore, 
the  quantity  delivered  can  also  be  regulated.  The  or- 
dinary solid  jet  is,  however,  still  generally  used. 

The  proportions  of  steam  and  air  used  vary.  About  6 
per  cent,  of  steam  by  weight  is  a  good  proportion. 
This  will  give  about  four  parts  of  carbon  burnt  by  air  to 
each  1  lb.  burnt  by  steam.  About  3  lb.  of  steam  will  be 
required  for  each  1  lb.  of  carbon  consumed,  and  it  must 
be  remembered  that  it  is  only  the  fixed  carbon  that  is 
burnt  in  the  producer.  The  most  suitable  proportions  of 
steam  and  air  are  best  determined  by  analyses  of  the  gas 
produced. 

Closed  hearth  producers  may  in  general  be  divided  into 
three  groups :  — 

(1)  Bar-bottom  producers. 

(2)  Solid-bottom  producers. 

(3)  Water-bottom   producers. 

Bar-bottom  Producers. — In  this  type  of  producer  the 
fuel  rests  on  fire-bars  as  in  the  Siemens  producer  already 
described,  but  the  hearth  is  closed,  and  the  air  and  steam 
are  blown  under  the  fire-bars;  indeed,  the  Siemens  pro- 
ducer is  readily  converted  to  a  closed  producer  by  closing 
the  ash-pit  by  means  of  iron  doors  with  apertures  for  the 
passage  of  the  air  and  steam.  Bar-bottom  producers  are 
now  but  little  used  in  steel  works ;  the  trouble  of  keeping 
the  bars  clear  of  ashes  is  very  considerable,  the  loss  of  fuel 
through  the  bars  may  also  be  large,  and  the  rate  of  com- 
bustion is  slow. 

Solid-bottom  Producers. — In  producers  of  this  type 
there  are  no  fire-bars,  the  fuel  rests  on  the  solid  bottom  of 
the  producer,  and  the  air  is  usually  blown  in  some  little 
distance  above  the  bottom.  The  best  known  and  most 
largely  used  producer  of  this  type  is  Wilson's. 

The  Wilson  producer  is  circular  (Figs.  27  and  28),  cased 
with  iron  and  lined  with  fire-bricks,  and  has  an  internal 
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diameter  ot  from  8  to  14  ft.  The  bottom  of  the  producer 
is  crossed  by  a  ridge  of  brickwork,  which  has  openings 
communicating  with  the  body  of  the  producer,  and  into 
this  the  steam  and  air  are  blown.  On  each  side  of  the  air 
passage  there  is  a  cleaning  door,  and  also  two  narrow 
doors  through  which  bars  can  be  put  for  cleaning.  At 
the  top  of  the  producer  a  cone  of  fire-brick  is  built  down 
into  the  body  so  as  to  leave  an  annular  space  into  which 
the  gas  passes,  and  from  which  it  is  drawn  into  the  main. 


Fig.  29.— Smith  &  WinooM,  Prcducer. 

The  producer  is  kept  full  of  fuel  to  the  top,  the  heat 
distils  the  gas  and  tarry  matter,  which  can  only  escape 
by  passing  downwards  through  the  hot  fuel  to  the  aunular 
gas  space,  and  thus  the  tar  is  partially  broken  up.  As 
combustion  goes  on  and  the  ashes  accumulate,  the  zone 
of  combustion  rises,  so  that  the  air  and  steam  passing  up- 
wards cool  the  hot  ashes  and  themselves  become  heated. 
-The  aahea  must  be  removed  once  every  12  or  24  hours.  To 
do  this  the  blast  is  turned  off,  the  narrow  side  doors 
mentioned  above  are  opened,  and  iron  bars  are  forced 
through  the  ashes  till  they  rest  on  the  top  of  the  air 
channel.     The  cleaning  doors  are  then  opened,  and  the 
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ashes  are  raked  out  from  beneath  the  ^bars ;  the  cleaning 
doors  are  then  closed,  the  bars  are  withdrawn,  and  the 
charge  sinks  down;  the  side  doors  are  closed,  and  the 
blast  is  again  put  on. 

The  consumption  of  fuel  on  a  solid-bottom  producer 
is  usually  about  20  lb.  per  square  foot  of  bottom  per  hour, 
so  that  an  8-ft.  producer  will  gasify  about  500  lb.  of  fuel 
per  hour,  though  the  amount  may  be  increased  to  about 
double  this  by  giving  plenty  of  air  and  steam. 

The  only  objection  to  solid-bottom  producers  is  the 
necessity  for  stopping  periodically  to  remove  the  ashes. 

Water-bottom  Producers, — In  producers  of  this  type  the 
bottom  is  made  in  the  form  of  a  shallow  dish^  which  is 
kept  full  of  water  ;  the  shell  of  the  producer  is  made  to  dip 
into  the  water  far  enough  to  form  a  water  seal,  and  from 
beneath  this  the  ashes  are  drawn.  The  ashes  are  thus 
thoroughly  cooled,  the  waste  heat  being  utilised  in  con- 
verting some  of  the  water  into  steam,  and  the  ashes  can 
be  drawn  out  periodically,  so  that  there  is  no  need  to  stop 
the  producer. 

There  are  a  very  large  number  of  water-bottom  pro- 
ducers in  use^  those  of  Messrs.  Dawson  &  Duff  being 
probably  the  best  known.  The  one  described  on  p.  68  as  a 
type,  is  that  of  Messrs.  Smith  &  Wincott,  of  Glasgow. 

The  producer  (Fig.  29)  is  about  8  ft.  in  diameter,  cased 
in  iron,  the  casing  dipping  into  the  water-trough  so  as 
to  form  a  seal  as  usual,  and  being  carried  on  a  series 
of  short  iron  columns.  The  mixture  of  air  and  steam 
is  supplied  from  below  by  a  central  pipe,  which  widens 
out  in  the  form  of  an  inverted  cone  to  about  2  ft.  6  in.  in 
diameter,  and  is  then  covered  with  a  hood.  In  the  in- 
verted cone  are  a  number  of  slits  by  which  the  air  and 
steam  pass  into  the  producer.  Owing  to  the  form  of  the 
"burner,''  the  holes  cannot  possibly  become  stopped  up, 
even  with  coal  which  cakes,  or  which  has  an  ash  that 
clinkers,  and  the  large  diameter  ensures  uniform  com- 
bustion. The  gasifying  power  of  a  water-bottom  pro- 
ducer is  about  the  same  as  that  of  a  solid-bottom  pro- 
'ducer. 

The  Gas  Plant. — Opinions  have  differed  as  to  whether 
the  gas  should  be  supplied  to  the  furnace  hot,  or  whether 
it  should  be  first  cooled.     Siemens  contended  that  a  cool 
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gas  was  best,  and  therefore  put  his  producers  at  some 
distance  from  the  furnaces,  and  used  the  overhead  cooling 
tube.  In  most  modern  plants  the  producers  are  put  as 
near  to  the  furnaces  as  they  conveniently  can  be,  and  un- 
derground flues  are  used,  or  if  for  any  reason  an  overhead 
tube  is  preferred,  it  is  lined  with  about  5  in.  of  fire-brick 
so  as  to  minimise  the  loss  of  heat.  The  principal  difficulty 
in  the  use  of  hot  gas  is  the  rapid  destruction  of  the  valves. 
This  is  overcome  by  the  use  of  water-cooled  valves. 

Amount  of  Fuel  Required. — The  amount  of  fuel  required 
for  a  steel  furnace  will  be  roughly  about  700  lb.  for  each 
ton  of  steel  made.  So  that  if  a  25-ton  charge  is  worked 
in  12  hours,  the  total  fuel  required  will  be  about  17,500  lb., 
or  about  1,400-1,500  lb.  per  hour.  Assuming  the  producer 
to  be  circular  and  8  ft.  in  diameter,  the  area  of  bottom 
will  be  16  X  3-1416  =  50*20,  say  50  square  ft.,  and  if  the 
gasification  be  20  lb.  per  square  ft.  per  hour,  this  will  give 
about  1,000  lb.  per  hour.  So  that  about  1^  producers  will 
be  required  for  each  25  tons  of  steel  made  in  12  hours. 

These  figures  are,  of  course,  nothing  more  than  the 
roughest  approximations,  and  are  only  intended  to  give 
the  student  some  idea  of  the  size  of  the  plant  required. 

By-product  Recovery. — Coal  contains  a  certain  per- 
centage varying  from  a  mere  trace  up  to  about  1*5  per  cent, 
of  nitrogen,  and  when  the  coal  is  distilled,  a  part,  usually 
rather  less  than  16  per  cent,  of  this  nitrogen,  comes  off  in 
the  form  of  ammonia.  To  recover  this  ammonia,  and  also 
the  tar,  which  may  be  of  some  value,  the  gas  is  sometimes 
washed  before  it  is  burnt.  This  washing  has  the  further 
advantage  that  it  removes  all  the  dirt  and  dust,  so  that  a 
clean  gas  is  sent  forward  to  the  regenerators.  The  washed 
gas  has,  owing  to  the  removal  of  the  tar,  a  lower  calorific 
power  than  the  unwashed  gas.  At  present,  recovery  has 
only  been  applied  to  a  very  small  extent  in  steel  works. 

Mend  Gas. — ^When  a  large  excess  of  steam  is  blown 
through  the  producer  it  cools  it,  but  if  air  be  supplied 
at  the  same  time  it  does  not  completely  stop  combustion. 
Owing  to  the  lowering  of  the  temperature  carbon-dioxide 
is  to  a  large  extent  produced  in  place  of  carbon-monoxide, 
but  at  the  same  time  a  large  amount  of  steam  is  decom- 
posed, so  that  the  gas  contains  a  large  quantity  of  hydro- 
gen, and  though  quite  different  in  composition,  it  has  about 
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the  same  calorific  power .  aa  ordinary  producer  gas.  As 
remarked  above,  when  coal  ia  distilled,  a  portion  of  the 
nitrogen  eacapes  aa  ammonia ;  and  from  an  ordinary  coal 
containing    1*4   per  cent,    or  thereabouts  of   nitrogen,    23 


to  25  lb.  of  ammonium  sulphate  can  be  obtained  from  each 
ton  of  coal  consumed.  When  a  large  excess  of  steam  ia 
used,  the  amount  of  ammonia  obtained  is  much  larger, 
reaching  100  lb.  or  more  of  sulphate  for  each  ton  of  coal. 
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In  Dr.  Mond's  process,  gas  is  made  with  the  use  of  a 
large  excess  of  steam,  and  the  ammonia  is  recovered. 
Mond  gas,  as  the  gas  prepared  in  this  way  is  called,  is 
gradually  coming  into  use,  and  in  the  future  may  largely 
take  the  place  of  ordinary  pi^oducer  gas  for  large  installa- 
tions. 

The  Plant, — The  necessary  plant  consists  of  a  gas  pro- 
ducer, and  the  apparatus  for  cooling  the  gas  and  con- 
densing the  ammonia  and  to  some  extent  the  tar,  the  latter 
being  the  essential  part  of  the  apparatus,  since  any  form 
of  producer  may  be  used. 

The  Mond  producer  (Fig.  30)  is  a  water-bottom  pro- 
ducer, the  principal  peculiarity  being  that  it  has  a  double 
casing  so  that  the  steam  and  air  passing  through  the  space 
between  them  on  their  way  to  the  interior  of  the  producer 
become  heated. 

The  condensing  plant  consists  of  three  portions :  the 
regenerators,  the  washers,  and  the  towers. 

The  regenerators  are  a  series  of  double  wrought-iron 
tubes  united  alternately  at  top  and  bottom;  the  hot  gas 
from  the  producer  passes  through  the  inner  tube,  and  the 
steam  and  air  to  supply  the  producer  pass  through  the 
annular  space  between  the  two  tubes,  travelling  in  an 
opposite  direction  to  the  gas,  so  that  the  mixture  is 
heated  by  the  cooling  gas. 

The  washer,  to  which  the  gas  next  passes,  is  a  large 
iron  chamber  partly  filled  with  water,  and  provided  with 
mechanical  dashers  by  which  the  water  is  thrown  up  in 
the  form  of  spray,  and  thus  washes  the  gas  as  it  passes 
through  the  chamber  above  the  surface  of  the  water,  and 
cools  it  to  about  90^  C. 

The  gas  from  the  washer  first  passes  to  the  acid  tower, 
entering  at  the  bottom  and  passing  upwards.  As  it 
rises  it  meets  a  descending  shower  of  sulphuric  acid, 
which,  coming  in  contact  with  the  ammonia,  at  once  con- 
verts it  into  sulphate.  To  give  a  large  surface  of  contact, 
the  tower  is  filled  with  a  checkerwork  of  fire-bricks  over 
which  the  acid  runs.  The  acid  liquor  contains  about  4 
per  cent,  of  acid,  and  is  circulated  by  means  of  pumps, 
sulphate  liquor  being  continuously  withdrawn  and  replaced 
by  fresh  acid  so  as  to  maintain  its  strength. 

The  gas,  now  deprived  of  its  ammonia,  passes  into  a 
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second  tower,  which  is  packed  with  wood  so  as  to  give  a 
large  surface,  and  here  it  meets  a  shower  of  cold  water 
by  which  it  is  cooled,  and  thus  largely  deprived  of  its 
moisture,  and  is  then  passed  on  by  mains  to  the  furnaces 
where  it  is  to  be  used.    . 

The  water  from  this  cooling  tower,  which  will  be  warm, 
is  pumped  to  the  top  of  another  tower  and  allowed  to 
fall ;  it  there  meets  the  current  of  air  which  is  being  passed 
forw'ard  to  supply  the  producers,  which  is  thus  warmed 
and  saturated  with  moisture. 

The  amount  of  steam  used  is  about  2^  tons  for  each 
ton  of  fuel  consumed.  As  a  ton  of  carbon  could  only 
decompose  l^  tons  of  water,  and  as  the  fuel  will  probably 
not  contain  more  than  60  or  70  per  cent,  of  carbon,  and 
air  is  also  blown*  in,  a  large  proportion  of  this  steam, 
probably  about  2  tond,  must  pass  through  the  pro- 
ducer undecomposed. 

The  gas  produced  is  very  unlike  producer  gas  in  com- 
position. It  is  much  lower  in  carbon-monoxide,  and  higher 
in  carbon-dioxide  and  in'  hydrogen. 

The  following  may  be  taken  as  representing  the  com- 
position of  an  average  sample  of  the  gas  : — 


Carbon-monoxide 
Carbon-dioxide. . . 
Marsh  gas 
()le6nes 
Hydrogen 
Nitrogen 


By  volvnu. 

By  wight 

11-0 

13-1 

17-1 

32-0 

1-8 

1-2 

•4 

•5 

27-2 

2-2 

42-6 

61-0 

100-0 

100  0 

The  calorific  power  of  such  gas  will  be  about  1,152  C.U., 
1,000  cubic  ft.  weighs  about  65-68  lb.,  and  gives,  therefore 
75,633  Centigrade  units  of  heat  (136,193  B.Th.U.).  The  loss 
of  heat  in  the  producer  is  about  20  per  cent.,  so  that  the 
heating  power  of  the  gas  is  about  80  per  cent,  of  that  of 
the  fuel  used.  The  gas  is  free  from  tar  and  ammonia,  and 
burns  with  a  non-luminous  flame. 

The  ammonia  recovered  amounts  to  90  to   100  lb.   of 
sulphate  for  each  ton  of  coal  consumed. 
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The  Siemens  Re^nerativs  Furnace. 

Principle. — The  fuel  used  ia  gae,  and  this,  for  conveni- 
ence and  in  order  to  secure  uniform  heating,  is  introduced 
together  with  the  air  alternately  at  each  end  of  the  fur- 
nace, and  the  gas  and  air  are  heated  to  a  high  tempera- 
ture before  combustion  by  passing  through  regenerators 
or  chambers  filled  with  fire-brick  which  have  been  previ- 
ously heated  to  a  high  temperature  by  the  products  of 
combustion. 


The  general  arrangement  will  be  seen  from  the  diagram. 
Fig.  iil.  The  furnace  body  is  usually  placed  above  the 
regenerators.  There  are  four  regenerators,  two  of  which 
can  be  put  in  connection  with  the  air  supply  and  two  with 
the  gas  supply,  whilst  all  four  can  be  put  in  connection 
with  the  chimney,  and  when  the  furnace  is  at  work  the 
pair  at  one  end  are  always  connected  with  the  air  and 
gas  mains  and  the  pair  at  the  other  with  the  chimney.  In 
the  diagram,  for  clearness,  the  flues  and  valves  are  shown 
as  being  underground;  in  reality,  as  shown  in  the  illns- 
trations  (Figs.  32  and  33),  they  are  in  front  of  the  furnace. 

The  valves  being  as  shown  in  the  sketch,  the  air  and 
gas  enter  the  left-hand  chambers,  pass  upwards,  and  burn 
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Fg.  33. — SiemenB  Steel-melting  Fanituie,  GroBB  9«otiou. 
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in  the  furnace;  the  products  of  combustion  pass  along  the 
furnace,  down  and  away  to  the  chimney  through  the  right- 
hand  chambers,  which  thus  become  intensely  heated. 
After  a  time  the  current  is  reversed,  the  air  and  gas  being 
passed  to  the  furnace  through  the  right-hand  chambers, 
and  the  products  of  combustion  passing  away  to  the  chim- 
ney by  those  at  the  left-hand.  When  the  furnace  is  at 
work  the  direction  is  usually  reversed  every  half  hour  or 
thereabouts. 

The  regenerative  furnace  may  be  used  for  very  many 
purposes;  indeed,  when  it  was  designed,  Siemens  had  no 
thought  of  the  steel  furnace  that  at  present  bears  his 
name,  and  the  first  furnaces  were  used  for  glass-making, 
then  for  melting  steel  in  crucibles,  and  only  after  some 
time  for  melting  steel  on  the  open  hearth.  The  details 
of  the  furnaces  given  here,  however,  wilLbe  those  applic- 
able to  steel  melting. 

There  are  three  essential  parts  of  the  furnace  which 
must  be  considered  somewhat  in  detail,  viz.  :— 
(1.)  The  furnace  body. 
(2.)  The  regenerative  chambers. 
(3.)  The  valves. 

The  Furnace  Body. — The  body  of  the  furnace  is  built 
of  silica  brick  or  other  very  refractory  fire-brick,  as  shown 
in  Figs.  32  and  33.  The  roof  is  also  built  of  silica  brick, 
and  is  an  arch  thrown  from  side  to  side.  As  this  produces 
an  outward  thrust  on  the  walls,  these  are  cased  with  iron 
plates  and  are  strongly  bound  with  cross  and  longitudinal 
ties,  and  as  the  arch  expands  when  it  is  heated  these  ties 
are  always  arranged  so  that  they  can  be  tightened  or 
loosened  as  required  by  means  of  nuts,  wedges,  or  other- 
wise. In  the  older  furnaces  the  roof  was  usually  made 
to  dip  considerably  from  the  ends  towards  the  middle,  but 
in  modern  furnaces  it  is  usually  nearly  horizontal  over  the 
furnace  bed,  but  rises  sharply  at  the  ports.  The  bottom  of 
the  furnace  consists  of  a  series  of  strong  iron  or  steel  plates 
carried  on  cross  girders.  On  this  is  usually  laid  a  layer 
of  fire-brick  set  in  clay,  and  above  that  is  the  working 
bottom  of  refractory  sand,  which  is  made  to  slope  towards 
a  tap-hole  in  the  middle  of  the  back  of  the  furnace,  the 
making  of  which  will  be  described  later.  The  end  walls 
of  the  furnace  are  so  built  as  not  to  throw  any  weight 
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on  the  walls  of  the  regenerative  chambers.  They  may  be 
carried  on  the  walls  between  the  chambers  or  on  strong 
iron  girders.  At  each  end  of  the  furnace  are  the  ports  or 
openings  for  the  admission  of  air.  The  gas  ports,  which 
are  placed  below,  are  two  or  three  rectangular  openings 
splayed  outwards  so  that  the  gas  may  spread,  and  the  air 
ports,  which  are  placed  as  near  the  roof  as  possible,  are 
either  a  series  of  similar  openings  placed  above  the  gas 
ports,  so  as  to  break  joint,  or  more  usually  now  one  long 
narrow  opening  extending  across  the  whole  width  of  the 
furnace  and  overlapping  the  gas  ports  at  both  sides.  The 
ports  are  usually  given  a  strong  downward  slope  to  de- 
flect the  air  and  gas  downwards.  The  flues  connecting 
with  the  regenerators  are  carried  up  in  masonry  stacks 
outside  the  furnace. 

The  whole  of  the  material  of  the  furnace  must  be  very 
refractory,  and  silica  bricks  (Dinas  or  other),  which  con- 
sist of  silica  fritted  together  by  the  addition  of  a  small 
quantity  of  lime  or  other  basic  material,  are  always  used. 

The  furnace  is  provided  with  door  openings,  usually 
three  on  each  side.  If  the  charge  is  to  be  pig  iron  and 
small  scrap,  these  doors  are  about  2  ft.  6  in.  long  by 
1  ft.  6  in.  to  2  ft.  high,  but  if  large  scrap  has  to  be  intro- 
duced, one  at  least  at  the  back*  of  the  furnace  will  be 
made  much  larger.  In  front  of  each  door  opening  is  a 
projecting  ledge,  and  on  this  rests  the  door,  an  iron  frame 
filled  with  fire-brick.  This  is  hung  by  a  chain  to  a  lever, 
so  that  it  can  be  easily  raised  or  lowered  as  required. 

The  size  of  the  furnace  varies  very  much.  The  early 
furnaces  had  a  capacity  of  5  or  6  tons,  and  were  about 
10  or  12  ft.  long  and  7  or  8  ft.  wide.  The  capacity  of  the 
furnaces  has  now  been  much  increased;  50-ton  furnaces 
are  common,  and  much  larger  ones  have  been  erected. 
The  length  may  be  up  to  40  ft.,  and  the  width  up  to  15  or 
16  ft.,  but  there  is  no  general  agreement  as  to  the  most 
economical  size  or  the  best  proportions.  On  the  whole, 
furnaces  having  a  capacity  of  about  50  tons  seem  to  be 
the  most  popular. 

As  the  furnace  is  usually  above  the  regenerators,   it 

*  The  terms  back  and  front  are  nsed  somewhat  vaguely  in  connection 
with  steel  furnaces.  In  this  book  the  tapping  side  is  called  the  front,  and  the 
charging  side  the  back. 
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will  be  at  a  considerable  elevation,  and,  indeed,  this  is 
necessary  to  allow  of  the  tapping  of  the  metal  into  the 
ladle. 

The  Regenerative  Chambers, — These,  as  already  re- 
marked, are  usually  placed  under  the  furnace,  and  are 
four  in  number.  The  size  varies  very  much,  the  tendency 
of  late  having  been  towards  the  use  of  very  large  cham- 
bers. As  the  object  of  the  chambers  is  to  intercept 
as  much  of  the  waste  heat  of  the  products  of  combustion 
as  possible  and  then  to  restore  it  to  the  incoming  gas  and 
air,  it  is  obvious  that  within  limits  a  large  chamber  will 
be  more  efficient  than  a  small  one.  The  length  of  the 
chamber  is  in  general  determined  by  the  width  of  the 
furnace;  its  width  can  be  varied  within  wide  limits,  but 
it  is  not  desirable  to  carry  the  chambers  too  far  beyond 
thj  ends  of  the  furnace.  The  depth  can  be  varied  con- 
siderably, but,  as  the  draught  depends  on  a  chimney,  too 
deep  a  regenerator  might  interfere  with  this,  and  at  the 
same  time  there  are  often  practical  difficulties  in  the 
way  of  constructing  very  deep  chambers,  especially  in 
low-lying  districts  in  the  neighbourhood  of  rivers.  The 
chambers  are  now  usually  from  12  to  20  ft.  deep,  or 
in  some  cases  even  deeper,  12  to  20  ft.  long,  and  6  to 
10  ft.  wide,  but  it  is  obvious  that  the  larger  the  furnaces 
the  larger  will  the  chambers  need  to  be. 

Siemens  stated  that  17  lbs.  of  regenerator  fire-brick  at 
each  end  of  the  furnace  per  pound  of  coal  burnt  in  the 
producer  per  hour  would  be  theoretically  sufficient  to 
absorb  the  waste  heat  of  the  products  of  combustion,  but 
it  must  be  remembered  that  the  brickwork  is  by  no  means 
uniformly  heated,  the  top  becoming  much  hotter  than  the 
bottom,  so  that  three  or  four  times  as  much  brickwork 
will  be  required.  The  spaces  between  the  bricks  must  be 
such  as  to  allow  a  free  passage  of  the  gas,  and  a  surface 
of  at  least  6  sq.  ft.  is  necessary  for  each  pound  of  coal  con- 
sumed  per   hour. 

As  a  rule,  the  two  inner  regenerators  are  used  for  the 
air  and  the  outer  ones  for  the  gas,  but  there  is  little  real 
reason  why  this  should  be  so;  and,  as  a  rule,  the  air 
regenerators  are  made  from  5  to  25  per  cent,  wider 
(the  other  dimensions  being  the  same)  than  those  for 
the   gas.     An   ordinary   producer   gas   requires   about  its 
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own  volume  of  air  (under  the  same  conditions  of  tem- 
perature and  pressure)  for  complete  combustion,  and 
there  is  no  general  rule  as  to  the  relative  sizes  of  the 
chambers. 

The  chequers  must  be  very  refractory,  but  owing  to  the 
large  amount  of  dust  carried  forward,  which  attacks 
silica,  silica  bricks  are  not  the  best  suited  for  the  pur- 
pose, refractory  clay  bricks  being  better. 

The  Valves, — The  valves  by  which  the  direction  of  the 
aij:,  g^A,  juxd  piu)duct8  of  combustion  is  regulated  ar#,  of 
the  utmost  importance.  They  must  be  easily  reversed,  qi^ite 
air-tight,  and  should  be  very  durable.    Very  many  fotos 


Fig.  34. 


Fig.  35. 


Fi^s.  34  and  36.— Section  and  Plan  of  Valve  Box  for  Siemens  Furnace. 


of  valves,  water-cooled  and  other,  have  been  introduced, 
but  the  butterfly  valve  used  by  Siemens  still  continues  in 
general   use,   because  it  is  cheap  and  easily  replaced. 

The  valve  (Figs.  34  and  35)  consists  of  a  cast-iron  plate 
strengthened  by  ribs  cast  on  it,  and  fixed  in  a  suitable 
valve  box  with  carefully,  machined  valve  seats,  as  shown 
in  Fig.  34.  It  will  be  seen  at  once  that  by  simply  turning 
over  the  valve  on  its  axis  the  direction  of  the  air  or  gas 
current  can  be  reversed.  As  the  chimney  gas  on  one  side 
of  the  valve  will  be  hot,  and  the  air  or  gas  on  the  other 
side  is  cold,  and  the  sides  are  alternated  very  frequently, 
the  valve  is  very  apt  to  wai'p,  and  thus  to  leak,  the 
chimney  draught  drawing  the  air  or  gas  direct  to  the 
chimney  instead  of  allowing  it  to  pass  through  the  re- 
generators, thus  entailing  considerable  loss.     In  the  case 
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of  the  gas  valve,  the  gas  may  burn  in  the  excess  of  air  in. 
the  products  of  combustion,  and  the  heat  thus  evolved  will 
help  to  destroy  the  valve.  As  soon  as  a  valve  is  found  to 
leak  it  is  replaced. 

There  are,  of  course,  two  sets  of  valves,  one  for  the  air 
and  one  for  the  gas,  the  former  opening  direct  to  the 
air  and  the  latter  communicating  with  the  gas  main.  An 
additional  valve,  usually  a  crown  valve,  is  also  provided 


Fig.  3G. — View  of  Front  or  Castiug  Platform  of  Siemens  ITiinisaeB. 

for  the  gas  main,  by  which  the  supply  of  gas  can  be  regu- 
lated and  cut  oS  when  it  ia  necessary  to  change  the  valve, 
and  the  opening  of  the  air  pipe  has  a  cover  which  can  be 
partially  closed  so  as  to  regulate  the  air  supply. 

Arrangement  of  the  Furnaces.— Aa  stated  above,  the 
furnace,  being  above  the  regenerators,  will  be  at  a  con- 
siderable elevation.  At  the  back  or  working  aide  of  the 
furnace  is  a  broad  platform,  from  which  the  furnace  is 
charged  and  on  which  the  materials  to  he  used  are  placed. 
This  platform  should  he  at  least  20  ft.  wide,  and  the  wider 
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the  better,  and  the  trucks  conveying  the  material  for  use 
should  be  brought  up  to  it. 

Near  each  furnace  will  he  the  handles  for  roveraing  the 


Fig.  SZ.—Front  or  Casting  Side  of  Siemens  Furnace,  showing  Gallerj 


Fig.  38.— View  of  Back  or  Working  Platform  of  Siemens  Furnace, 

valves  and  controlling  the  gas  supply,  and  the  valve  boxcj* 
are  usually  ill  a  pasaagu  which  runs  beneath  the  platform. 
Figs,  36  to  38  show  three  views  of  a  Siemens  furnaci. 
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On  the  platform  also  &re  two  small  furnaces,  one  for 
heating  the  fcrro-manganese,  which  is  to  be  used  for 
recarburiaing,  and  the  other  for  heating  the  sand  to  be 
used  for  repairing  the  bottom  after  each  charge.  There  is 
also  a  trough  of  water,  the  "  water  bosh,"  in  which  the 
tools  are  cooled  after  use.  At  the  front  of  casting  side  of 
the  furnace  the  floor  level  must  be  low  enough  to  allow 
the  ladle  which  is  to  receive  the  charge  to  be  run  under  the 


Fig  40  Fig.  42. 

ittK  3J  —Side  Section  of  Siemena  Nen  lonn  Furnace,  Fig.  40.— 
Plan  of  Siemens  ^ew  Form  Furnace  Fi^.  41.— Eud  Section  of 
Siemens  New  Form  Furnace  Fig'  42.— End  Plan  of  Siemena 
New  locm  Furnace  Fig  4d  — Side  Section  of  Siemens  New 
Form  Furnace 

tap-hole  of  the  furnace.  At  the  same  level  as  the  back 
platform  a  narrow  gallery  runs  along  the  front  of  the  fur- 
nace so  that  access  can  be  had  to  the  doors  on  that  side. 
This  gallery  is  divided  opposite  the  tap-hole,  and  there 
a  shoot  is  arranged  by  which  the  metal  flows  into  the 
ladle.  The  shoot  is  usually  supported  on  an  axis,  so  that 
as  soon  as  the  steel  is  all  in  the  ladle  it  can  be  turned  up. 
Siemens  New  Form  Furnace. —  This  furnace  (Pigs.  38 
to  43),  which  was  invented  by  Mr.  F.  Siemens,  differs  in 
some  important  respects  from  the  ordinary  type  of  furnace. 
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It  has  not  been  used  on  a  large  scale  for  steel  melting, 
but  several  small  experimental  furnaces  have  been  built, 
and  it  has  been  largely  used  for  heating  furnaces. 

There  are  only  two  regenerators,  those  for  air;  the  gas 
producer  is  attached  to  the  furnace  so  as  to  be  part  of  it, 
ancl  part  of  the  hot  products  of  combustion  are  passed 
through  the  producer,  the  other  part  being  passed  through 
the  regenerators  as  usual.  The  gas  enters  and  leaves  the 
furnace  at  the  same  side,  sweeping  round  in  a  curve  from 
the  one  set  of  ports  to  the  other,  so  that  in  the  case  of 
long  furnaces  the  producers,  and  therefore  the  gas  supply, 
are  at  the  side.  The  producer  is  provided  with  two  sets  of 
ports  communicating  with  the  furnace,  which  are  used 
alternately. 

The  products  of  combustion  will  have  approximately 
the  composition 

Carbon-dioxide  ...         ...        1?^  per  cent. 

Oxygen  ..*         ...         ...  2        >, 

Nitrogen         81        j, 

though  the  quantity  of  oxygen  may  be  much  larger,  and 
there  will  also  be  a  considerable  quantity  of  steam.  When 
this  is  passed  over  hot  fuel  the  carbon^ioxide  will  be 
reduced  to  carbon-monoxide,  and  the  steam  will  be  de- 
composed, yielding  hydrogen  and  carbon^monoxide.  Thud 
the  products  of  combustion  will  be  regenerated  so  as  to 
yield  a  combustible  gas,  and  in  the  process  heat  will  be 
absorbed.  Some  air  will  also  be  sent  in  to  the  producer. 
The  results  of  the  combustion  of  the  carbon  and  of  the  high 
temperature  at  which  the  waste  gase&  enter  the  producer 
are  that  the  gas  enters  the  furnace  at  as  high  a  tempera^ 
ture  as  would  be  produced  if  regenerators  were  used. 

Gas  from  the  producer  passes  through  one  flue  to  the 
gas  port,  and  thence  into  the  combustion  chamber.  Air 
passes  through  the  regenerator  by  an  air  flue  and  the  air 
port  into  the  combustion  chamber,  where  it  meets  the  gas, 
and  combustion  takes  place.  The  flame  sweeps  round  the 
hearth,  and  the  products  of  combustion  pass  away  by  the 
other  port,  and  go  partly  through  the  gas  producer  and 
partly  through  the  regenerator. 
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CHAPTER  VJ. 

THE     SIEMENS     OB     OPEN-HEABTH     STEEL     PROCESS. 

Principle. — When  a  mass  of  pig  iron  is  kept  melted  and 
the  surface  is  exposed  to  the  air,  oxidation  goes  on.  A 
layer  of  slag  is  formed  and  the  oxidation  continues,  in- 
directly owing  to  the  oxidising  action  of  the  slag,  which 
contains  a  large  quantity  of  oxide  of  iron,  and  ultimately, 
if  the  quantity  of  metal  be  small,  all  the  carbon  and  silicon 
will  be  removed.  This  is  exactly  what  takes  place  in  the 
process  of  puddling,  which  was  fully  described  in  the 
volume  on  "  Iron "  in  this  series.  In  puddling,  the  tem- 
perature being  comparatively  low,  the  carbon-free  iron 
does  not  melt,  but  remains  in  a  pasty  condition.  With  the 
regenerative  furnace  the  temperature  is  much  higher,  and, 
therefore,  the  metal  remains  liquid  to  the  end.  When, 
however,  larger  quantities  of  iron  are  melted — tons  instead 
of  hundredweights — the  action  of  atmospheric  oxidation 
becomes  so  slow  that  complete  decarburisation  by  its  influ- 
ence would  be  impracticable,  but  by  the  addition  of  oxide 
of  iron,  in  the  form  of  haematite,  or  of  any  other  form  of 
oxide  that  is  available,  the  process  can  be  made  much  more 
rapid.  In  the  Siemens  process,  the  pig  iron  is  melted,  and 
the  impurities  are  burnt  out  by  the  addition  of  oxide  of 
iron;  and  when  all  the  carbon  has  been  removed,  the 
amount  required  for  the  steel  is  added,  and  any  dissolved 
oxygen  is  removed  by  the  addition  of  ferro-manganese, 
exactly  as  in  the  Bessemer  process. 

The  Process. — The  charge  having  been  tapped  out,  the 
bottom  of  the  furnace  is  carefully  examined,  and  if  there 
are  any  holes,  these  are  made  up  with  sand,  and  then  the 
furnace  is  ready  for  charging.  The  pig  iron'  and  scrap 
which  are  to  be  used  will  have  been  piled  up  on  the  plat- 
form so  as  to  be  ready  for  charging.  One  man  takes  his 
place  at  each  of  the  three  doors  at  the  back  of  the  furnace, 
and  is  provided  with  a  flat  paddle  with  a  long  handle, 
which  he  rests  on  the  sill  of  the  door.     Other  men  bring  up 
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the  pig  iron,  and  as  each  pig  is  placed  on  the  paddle  the 
man  pushes  it  into  the  furnace,  tilts  it  so  as  to  drop  the 
pig  very  gently  on  to  the  bottom  of  the  furnace,  and  then 
withdraws  it  so  as  to  receive  the  next  pig,  and  so  on  till  all 
the  iron  is  in.  If  scrap  is  being  used,  it  will,  if  in  pieces  of 
convenient  size,  be  charged  exactly  in  the  sapae  way  as  the 
pig,  but  if  small  it  will  be  thrown  in  by  means  of  shovels. 
If  the  pig  and  scrap  be  at  some  distance  from  the  furnace, 
it  may  take  two  men  to  carry  for  each  charger.  The  time 
occupied  in  charging  a  50-ton  furnace  will  be  two  or  three 
hours,  and  may  be  longer  if  the  scrap  is  small.  In  charging 
the  pig  iron  is  put  on  the  bottom  of  the  furnace,  and  the 
scrap  on  the  top  of  it. 

As  soon  as  the  charge  is  in  the  doors  are  closed,  and 
the  gas  is  put  full  on.  The  pig  iron  soon  melts  and 
dissolves  the  scrap.  As  melting  is  going  on  a  large  sur- 
face is  exposed  to  the  air,  so  that  there  is  a  considerable 
amount  of  oxidation,  and  oxide  of  iron  formed  combines 
with  the  silica  of  the  sand  adherent  to  the  pigs,  perhaps 
some  of  the  silica  of  the  furnace  lining,  and  that  produced 
by  the  oxidation  of  the  silicon  in  the  iron,  to  form  a  slag 
which  is  sufficient  to  cover  the  surface  of  the  metal  when 
it  is  melted.  The  melting-down  stage  will  occupy  three 
or  four  hours,  so  that  in  five  or  six  hours  from  the  time 
charging  was  commenced  the  whole  will  be  liquid. 

The  doors  are  now  opened  and  the  iron  ore  is  thrown 
in  a  shovelful  at  a  time,  and  is  thoroughly  mixed  in  with 
the  molten  metal.  At  first  there  is  no  visible  change,  but 
the  slag  increases  in  quantity ;  and  after  a  time  the  metal 
begins  to  boil,  that  is,  gas  escapes  and  forms  bubbles  at 
the  surface  exactly  as  in  the  boil  during  puddling.  The 
workmen  still  continue  to  add  the  ore  and  stir  it  in,  and 
after  a  time  the  boil  subsides  and  the  working  of  the  charge 
is  complete.  Samples  are  now  taken,  cast  into  small  in- 
gots, flattened,  and  broken;  and  a  sample  is  sent  to  the 
laboratory  which  is  always  close  at  hand,  usually  on  the 
working  platform,  and  the  carbon  is  rapidly  determined 
colorometrically.  If  it  is  not  sufficiently  low  the  "  oreing  " 
is  resumed  for  a  short  time,  and  then  another  sample  is 
taken,  and  when  the  carbon  is  reduced  to  the  necessary 
amount,  the  charge  is  ready  for  tapping. 

The   tap  hole  is   opened   by   forcing   a  steel   crowbar 
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into  it  by  means  of  a  sledge-hammer,  and  the  metal  flows 
into  the  ladle,  enough  slag  being  allowed  to  follow  it  to 
form  a  cover  to  the  metal ;  then  the  shoot  is  turned  up,  and 
the  rest  of  the  slag  flows  on  to  the  ground,  to  be  after- 
wards removed  and  carried  to  the  slag  tip,  and  the  steel 
is  at  once  distributed  to  the  moulds. 

The  ferro-manganese,  usually  hot,  is  thrown  into  the 
ladle  as  the  metal  flows  from  the  furnace. 

The  time  occupied  will  vary  from  10  to  16  hours  or 
thereabouts,  depending  mainly  on  the  quantity  of  silicon 
and  carbon  that  has  to  be  oxidised  out.  The  more  scrap 
is  added  the  more  the  carbon  and  silicon  will  be  diluted, 
and  the  less  time  will  the  working  of  the  charge  take. 
There  is  no  absolute  necessity  for  the  use  of  scrap,  but  an 
all-pig  charge  would  take  longer  to  work,  and  so  much 
scrap,  is  produced  during  the  working  of  the  steel  that 
there  is  usually  a  large  quantity  to  be  used  up,  or  it  can 
be  purchased  at  a  reasonable  rate  for  remelting  .from  the 
large  engineering  shops  where  mild  steel  is  used. 

Chemistry  of  the  ProceBS. — The  chemistry  of  the  pro- 
cess is  very  simple  ;  indeed,  it  is  almost  exactly  the  same  as 
that  of  the  puddling  process  which  has  been  described  in 
the  companion  volume  on  "  Iron.'' 

During  the  charging  oxidation  begins,  the  pig  iron 
being  exposed  to  the  oxidising  atmosphere  of  the  furnace. 
During  melting  down  the  flame  is  kept  oxidising,  so  that 
oxidation  still  further  continues,  and  by  the  time  the 
whole  is  melted,  a  large  quantity  of  oxide  of  iron  has 
been  formed,  which  attacks  the  silicon  in  the  iron,  and 
forms  ferrous  silicate  which  floats  on  the  metal  as  a 
slag. 

The  following  figures  will  indicate  the  way  in  which 
the  impurities  are  removed  :— 
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As  the  ore  is  added,  the  oxidation  is  still  further  con- 
tinued ;  thus   Fe^O,  +  Si  =  FeO,  SiO,  +  Fe. 
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Then  as  soon  as  the  silicon  is  almost  removed,  the 
carbon  is  attacked,  and  escapes  as  carbon-monoxide, 
FcaO,  +  30.  =  2Fe  +  300. 

It  will  be  seen  that  the  silicon  is  very  rapidly  removed, 
so  that  at  the  end  it  is  practically  completely  gone. 
This  is  due  partly  to  the  fact  that  owing  to  the  dilution 
with  scrap  the  amount  of  silicon  is  never  very  high,  and, 
secondly,  to  the  fact  that  the  temperature,  being  much 
lower  than  that  of  the  Bessemer  converter,  favours  the 
elimination  of  the  silicon.  The  manganese  is  also  alto- 
gether removed,  and  the  carbon  can  be  completely  elimin- 
ated if  the  process  is  pushed  to  its  end.  As  in  the 
Bessemer  process,  sulphur  and  phosphorus  are  not  re- 
moved at  all. 

As  the  silicon  is  almost  entirely  got  rid  of  early  in  the 
process,  it  is  not  always  necessary  to  oxidise  out  the  whole 
of  the  carbon,  but  if  a  steel  fairly  high  in  carbon  is  re- 
quired, the  process  may  be  stopped  "on  the  down  grade," 
when  the  residual  metal  contains,  say,  0'2  or  0'3  per  cent, 
of  carbon,  and  then  much  less  ferro-manganese  need  be 
added. 

Very  much  less  oxygen  is  taken  up  in  the  Siemens  fur- 
nace than  in  the  Bessemer  converter,  and  therefore  less 
manganese  is  necessary,  and  this'  amount  of  oxygen  can 
be  reduced  by  what  is  called  "  pigging  back,"  that  is,  by 
the  addition  at  the  end  of  the  process  of  one  or  two  half 
pigs  of  iron,  previously  heated.  This  is  not  enough  to 
make  any  difference  in  the  ultimate  composition  of  the 
metal,  but  it  helps  to  remove  the  oxygen.  It  sometimes 
happens  that  the  amount  of  residual  oxygen  is  so  small 
that  practically  all  the  manganese  added  in  the  ferro- 
manganese  can  be  accounted  for  in  the  resulting  steel. 

Thermal  Reactions. — The  heat  evolution  will  be  some- 
what less  than  in  the  Bessemer  process,  because  the  oxida- 
tion takes  place  by  means  of  forric-oxide,  the  decomposi- 
tion of  which  will  absorb  a  certain  amount  of  heat.  The 
heat  evolution  also  is  spread  over  a  much  longer  time, 
and  therefore  it  is  of  little  practical  moment,  though  un- 
doubtedly it  must  do  something  to  keep  up  the  tempera- 
ture of  the  bath.  ,^        ,  , 

Materials. 

The   Pig    Iron, — Pig    iron    suitable    for    the    Siemens 
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process  should  be  free  from  sulphur  and  phosphorus.  The 
amount  of  the  other  constituents  is  of  little  importance. 
No  definite  amount  of  silicon  is  required  to  evolve  heat, 
but  a  very  large  quantity  would  be  objectionable,  as  it 
would  delay  the  process,  and  for  the  same  reason  a  large 
percentage  of  manganese  is  not  good.  On  the  other  hand, 
too  little  silicon  is  not  advisable,  as  the  metal  may  oxidise 
too  rapidly  and  the  furnace  bottom  may  be  unduly 
attacked. 

The  Ore. — The  iron  ore  used  should  be  a  haematite  as 
free  as  possible  from  silica  and  other  impurities.  Not 
only  is  silica  objectionable  as  reducing  the  percentage  of 
oxide  of  iron  that  can  be  present,  but  also  it  will  combine 
with  a  further  amount  of  oxide  to  form  silicate,  which  will 
pass -into  the  slag.  It  is  also  important  that  the  ore 
should  be  free  from  sulphur  and  phosphorus.  The 
favourite  ore,  when  it  can  be  obtained,  is  Campanil  from 
Bilbao.  This  is  a  haematite  and  the  gangue  is  carbonate 
of  lime,  which  is  not  objectionable. 

The  amount  of  ore  required  will  vary  with  the  character 
of  the  iron  being  worked. 

The  Scrap. — ^Any  variety  of  steel  or  malleable  iron 
scrap  may  be  used.  The  more  scrap  is  in  the  charge  the 
less  ore  will  be  required. 

The  Recarhuriser. — Spiegeleisen  or  ferro-manganese  or 
sometimes  silicon-ferro-manganese  is  used.  It  is  not  so 
important  that  this  be  high  in  manganese  as  in  the  Besse- 
mer process,  because  the  amount  of  oxygen  to  be  removed 

is  less. 

The  Products. 

The  Steel. — Steel  can  be  made  of  any  quality,  from 
dead  soft,  with  about  *10  per  cent,  of  carbon  or  less,  to 
hard  wire  rod  with  about  1*0  per  cent.,  but  as  a  rule 
steel  is  made  with  less  than  '75  per  cent,  of  carbon.  The 
process  is  completely  under  control;  samples  may  be 
taken  and  analysed  before  the  steel  is  finally  tapped,  so 
that  steel  of  any  required  composition  can  be  accurately 
made. 

The  Slag. — The  slag  is  a  silicate  of  iron  with  small 
quantities  of  other  constituents.  It  is  an  acid  slag,  the 
quantity  of  oxide  of  iron  not  being  sufficient  to  make  it 
strongly  basic  in  presence  of  the  siliceous  lining  of  the 
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furnace.  It  is  important  that  the  slieig  should  contain 
sufficient  oxide  of  iron  to  bring  about  the  required  oxida- 
tion. The  more  basic  the  slag  the  better  oxidising  agent 
it  will  be,  whilst  with  a  very  acid  slag  not  only  may  there 
be  no  oxidation,  but  manganese  and  silicon  may  be  re- 
duced from  it. 

The  following  analysis  of  a  slag  will  give  an  idea  of 
the  composition  of  a  good  slag  : — 


Silica 

.     55 

Magnesia         

2 

Ferrous  oxide 

.     25 

Altimina           

1 

Ferric  oxide 

2 

Phosphoric  acid  (P2O5) 

•05 

Manganese  oxide 

10 

Sulphuric  acid  (8O3) . . . 

trace 

Lime     

5 

The  amount  of  slag  also  must  necessarily  vary,  but 
will  roughly  be  about  10  to  15  per  cent,  of  the  weight  of 
the  original  charge. 

Making  a  Furnace  Bottom. — When  a  new  furnace  has 
been  built  the  bottom  has  to  be  very  carefully  made.  The 
brickwork  of  the  furnace  is  first  of  all  dried  by  making 
up  a  fire  on  a  temporary  grate  in  the  middle  of  the  hearth. 
When  the  furnace  is  dry  the  bars  are  removed,  the  ashes 
raked  out,  and  the  gas  put  on,  and  continued  till  the 
interior  of  the  furnace  is  red  hot.  A  layer  of  a  mixture 
of  loam  and  sand  is  thrown  on  the  brick  bottom,  and  the 
heat  is  continued  till  this  fuses.  Then  layers  of  a  re- 
fractory white  sand  mixed  with  a  much  less  refractory 
sand  are  thrown  in,  and  as  each  layer  frits  another  con- 
taining more  of  the  strongly  refractory  sand  is  added, 
till  at  last  it  is  added  alone,  and  the  highest  attainable 
temperature  is  got,  which  is  just  enough  to  frit  but  not 
to  fuse  the  sand.  A  quantity  of  slag  is  then  added  and 
melted  so  as  to  fill  up  the  crevices  in  the  sand,  and  any 
residual  slag  is  tapped  off.  Ten  to  20  tons  of  sand  may 
be  required,  and  the  time  occupied,  including  the  drying 
of  the  furnace,  may  be  10  or  12  days. 

The  first  charge  worked  is  always  a  small  one,  and 
additional  slag-forming  materials  are  added. 

An  aperture  is  left  in  the  brickwork  for  the  tap-hole. 
This  is  filled  up  with  ganister  rammed  from  inside  the 
furnace  before  the  gas  is  put  on,  and  later  a  hole  is  cut 
through  the  mass  of  ganister  for  the  tap-hole. 

Output    of    Process. — The   output   of   the   open-hearth 
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process  falls  far  below  that  of  the  Bessemer  process.  A  50- 
ton  charge  may  be  completed  in  about  12  hours,  including 
the  time  necessary  for  repairs,  so  that  about  11  charges, 
or  550  tons,  will  be  obtained  in  a  week. 

The  process  allows  considerably  more  variation  in  the 
pig  iron  used  than  does  the  Bessemer  process.  It  is  much 
more  under  control,  so  that  it  is  easier  to  turn  out  steel  of 
a  perfectly  definite  quality,  and  probably  a  milder,  steel 
can  be  made.  The  loss  of  iron  is  also  considerably  less, 
100  tons  of  pig  yielding  95  to  97,  or  sometimes  even  over 
100,  tons  of  steel.  The  reason  for  the  large  yield  is,  of 
course,  that  some  iron  is  reduced  from  the  ore  added,  and 
this  to  some  extent  compensates  for  the  loss  by  oxidation. 

The  Siemens-Martin  Process. — The  Siemens  furnace  was 
first  used  in  connection  with  steel-making  by  M.  Martin, 
of  Sireuil.  He  used  it  for  the  remelting  of  steel  scrap, 
with  the  addition  of  a  small  quantity  of  pig  iron. 
Siemens  had  tried  to  melt  steel  on  the  hearth  of  his  fur- 
nace, but  had  failed  on  account  of  the  oxidation  which 
took  place.  M.  Martin  saw  that  this  could  be  overcome 
by  the  addition  of  pig  iron,  the  silicon  and  carbon  of 
which  could  be  oxidised  out.  The  process  is  conducted 
exactly  as  the  Siemens  process,  except  that  a  much  larger 
proportion  of  scrap  is  used  and  no  ore  is  added. 

The  Siemens-Martin  or  pig  and  scrap  process  came 
largely  into  use  as  an  adjunct  to  the  Bessemer  process  for 
using  up  the  scrap,  with  which  that  process  could  not 
deal. 

The  first  plant  for  the  carrying  out  of  this  process  in 
this  country  was  that  erected  in  1868  at  the  Crewe  works 
of  the  London  and  North  Western  Railway. 

Whenever  ore  is  used  the  process  is  the  Siemens,  not 
the  Siemens-Martin,  since  in  the  latter  only  pig  and 
scrap  are  used,  and  the  furnace  should  always  be  spoken  of 
as  the  Siemens,  not  the  Siemens-Martin,  and  still  less 
the  Martin,  as  is  sometimes  done  in  steel  works. 
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CHAPTER    VII. 

THE    BASIC    OPEN-HEABTH    PROCESS. 

When  the  basic  Bessemer  process  proved  a  success,  steel- 
makers soon  began  to  ask :  Could  not  the  open-hearth 
process  be  worked  with  a  basic  lining?  and,  if  so,  would 
such  a  process  not  have  the  same  advantages  over  the 
ordinary  open-hearth  process  that  the  basic  Bessemer  has 
over  the  acid  Bessemer  process?  Many  workers  set  to 
work  to  answer  these  questions  by  direct  experiment,  and, 
though  many  and  unexpected  difficulties  were  met,  these 
were  in  time  overcome  and  the  process  made  a  success. 

The  Furnace. — In  essentials  the  furnace  used  does  not 
differ  from  that  already  described,  the  only  difference 
being  that  the  hearth  or  bottom  is  made  of  some  basic 
material,  magnesian  lime  or  burnt  magnesite.  Basic  bricks 
are  not  strong  enough  for  furnace  building,  so  that  the  fur- 
nace itself  must  be  built  as  usual  of  clay  or  silica  bricks. 
This  introduces  the  difficulty  that  the  basic  material  of  the 
bottom  must  not  be  allowed  to  come  in  contact  with  the 
siliceous  material  of  which  the  furnace  is  built,  or  at  the 
high  temperature  of  the  furnace  they  will  flux  one  another. 
This  difficulty  has  been  overcome  by  the  use  of  a  parting 
layer  of  some  neutral  material,  which,  being  neither  acted 
on  by  the  basic  material  nor  by  the  silica,  can  be  used  to 
separate  them. 

The  neutral  material  almost  always  used  is  chromite 
or  chrome  iron  ore,  which  has  the  formula  FeOCrjOj,  but 
usually  contains  other  elements  as  impurities.  It  may  be 
used  in  the  form  of  bricks  or  as  a  powder  rammed  in 
where  the  acid  and  basic  materials  would  come  in  contact. 

In  some  cases  the  furnace,  below  the  level  of  the  hearth, 
is  built  of  basic  material,  the  upper  portion  only  being  of 
acid  bricks,  a  parting  layer  of  chrome  bricks  being  used 
to  separate  the  two.  The  bottom  is  made  much  in  the 
same  way  and  of  the  same  materials  as  the  lining  of  the 
basic  converter.    (Fig.  44,  Basic  Furnace  showing  Neutral 
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Parting  Layer.)  On  the  iron  plates  a  layer  of  bricks  is 
laid  as  usual,  either  clay  or  basic  bricks  being  used. 
On  this  is  rammed  in  the  usual  way  a  thin  layer  of  the 
dolomitic-tar  mixture,  and  this  is  heated  till  it  is  hard. 
Then  crushed  dolomitic  lime,  either  alone  or  mixed  with 
a  little  tar,  is  spread  over  the  bottom  in  thin  layers,  each 
being  heated  till  it  frits  before  another  is  put  on,  and 
so  on  till  the  hearth  is  complete.  The  basic  hearth  must 
be  carried  well  above  the  slag  line,  as  the  very  basic  slag 
produced  in  the  process  would  rapidly  destroy  the  silica 
bricks. 


Fig.  44. — Basic  Furnace,  showing  Neutral  Parting  Layer. 


Other  materials  have  been  suggested  for  making  the 
bottom,  but  none  have  come  largely  into  use.  Calcined 
magnesite  (MgCOg)  answers  well,  but  is  very  costly,  and 
it  has  the  advantage  that  no  parting  layer  is  necessary. 

Working  a  Charge.— The  method  of  working  is  very 
similar  to  that  in  the  acid  process,  except  that  lime  and 
often  oxide  of  iron  is  added  with  the*  charge,  and  lime  is 
added  with  the  ore  during  the  working  of  the  process.  The 
charge  is  introduced  into  the  furnace  in  the  usual  way, 
the  scrap  either  being  added  on  the  top  of  the  pig  or 
introduced  after  the  pig  is  melted.  The  oreing  is  con- 
ducted in  the  usual  way,  lime  being  charged  in  with  the 
ore.  As  the  boil  approaches  the  end,  samples  are  taken 
in  the  spoon  as  usual,  hammered  down,  and  broken.    When 
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the  fracture  indicates  that  the  working  is  neardly  com- 
plete, a  sample  is  sent  to  the  laboratory,  and  the  carbon 
and  phosphorus  are  rapidly  determined,  or,  rather,  the 
carbon  is  determined,  and  the  chemist  judges  from  the 
appearance  of  the  precipitate  of  the  phospho-molybdate 
whether  the  phosphorus  is  low  enough,  and  if  not,  the 
working  is  continued  till  a  satisfactory  test  is  obtained. 
The  metal  is  then  tapped  out  as  usual,  the  slag  not  being 
allowed  to  run  into  the  ladle,  the  ferro-manganese  being 
always  added  in  the  ladle  when  the  metal  is  free  from  slag. 
Chemistry  of  the  Procesa — As  far  as  the  oxida- 
tion of  the  silicon  and  carbon  is  concerned,  the  action 
is  exactly  the  same  as  in  the  acid  process,  there 
being  first  a  period  of  slag  formation  when  the  silicon 
is  being  oxidised,  and  then  a  "  boil  ''  when  the  carbon 
is  removed.  The  removal  of  the  phosphorus  is,  however^ 
quite  different  from  that  in  the  basic  Bessemer  blow.  There 
is  no  stage  corresponding  to  the  after-blow,  the  phos- 
phorus being  removed  continuously  from  the  beginning 
of  the  oxidation,  and  the  removal  being  complete  before 
the  end  of  the  boil,  i.e.  before  the  carbon  is  all  out ; 
indeed,  should  any  phosphorus  remain  after  the  carbon 
is  all  removed,  it  is  very  difficult  to  get  rid  of  it,  and 
usually  pig  iron,  free  from  phosphorus,  is  added  to  bring 
the  metal  back  to  the  boil.  The  phosphorus  passes  into 
the  slag  as  calcium  phosphate,  and  to  ensure  its  removal 
the  slag  must  be  kept  strongly  basic,  but  at  the  same  time 
so  much  lime  must  not  be  added  as  to  make  it  too  pasty. 
The  phosphorus  should  be  re3uced  to  about  '05  per  cent, 
before  the  metal  is  tapped. 

The  following  figures  will  indicate  the  way  in  which 
the  impurities  are  removed. 


CJuirge. 

After 

Coming 

Ready  for 

Steel  in 

Jusion. 

to  hoU, 

tapping. 

ladle. 

Carbon 

2-23 

•71 

•34 

•12 

•16 

Silicon 

•43 

•06 

•01 

•01 

•01 

Manganese    . . . 

•84 

•33 

•25 

•22 

•49 

Phosphorus  ... 

•203 

•046 

•022 

•013 

•018 

The  reason  for  the  difference  in  the  removal  of  the 
phosphorus  in  the  basic  open-hearth  and  basic  Bessemer 
processes  is  that  the  temperature  is  much  lower  in  the 
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former,  and  the  low  temperature  seems  to  facilitate  the 
slagging  of  the  phosphorus.  Sulphur  is  only  removed 
to  a  very  small  extent. 

Materials. 

The  Pig  Iron. — ^A  very  wide  range  of  iron  is  available 
for  the  basic  open-hearth  process.  As  the  heat  of  oxida- 
tion is  not  required,  no  large  amount  of  phosphorus  is 
necessary,  but  an  iron  with  much  or  little  can  be  worked. 
If  the  phosphorus  is  very  high,  it  is,  however,  well  to  use 
a  good  deal  of  scrap  to  dilute  the  charge.  The  silicon  is 
unimportant,  but  should  be  kept  low,  as  a  high  silicon 
causes  waste  of  lime,  and  may  prolong  the  working.  The 
manganese  should  not  be  high,  as  it  is  not  rapidly  re- 
moved, owing  to  the  basic  character  of  the  slag.  As 
sulphur  is  not  removed  the  pig  must  be  free  from  this  con- 
stituent. 

A  typical  pig  suitable  for  the  process  would  contain — 


Carbon 

...     3-5 

Silicon 

...     16 

Phosphorus     ... 

...     1-0 

Manganese 
Sulphur 


10 
•05 


but,  as  remarked  above,  all  the  consituents  may  vary 
within  very  wide  limits;  indeed,  it  may  be  said  that  any 
pig  iron  not  containing  sulphur  can  be  worked  on  the 
basic  open-hearth  furnace. 

Scrap. — Scrap  of  any  kind  may  be  used. 

Ore. — A  good  haematite  should  be  used,  as  free  dd 
possible  from  silica,  but  freedom  from  phosphorus  is 
not  essential  as  it  is  with  the  acid  process. 

Lime. — The  lime  used  should  be  as  free  as  possible 
from  silica ;  it  should  be  freshly  burnt. 

The  Prodacts. 
The  Steel. — The  steel  does  not  differ  from  that  made  by 
other  processes ;  with  care  the  phosphorus  can  be  kept 
down  to  an  amount  not  at  all  in  excess  of  that  found 
in  steel  made  by  the  acid  process.  A  milder  steel  can  be 
made  on  the  basic  open-hearth  furnace  than  by  any  other 
process,  because  the  carbon  in  the  charge  can  be  com- 
pletely eliminated,  and  as  very  little  oxygen  will  have 
been  taken  up,  only  a  small  addition  of  ferro-manganese 
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will  be  required.  Steel  made  in  the  basic  open-hearth  fur- 
nace is  the  nearest  approach  to  pure  iron  that  has  yet  been 
obtained  commercially.  It  is  not  easy  to  make  a  steel  high 
in  carbon,  because  the  process  must  be  continued  till  all 
the  carbon  is  out  to  ensure  the  removal  of  the  phos- 
phorus, and  the  addition  of  a  large  quantity  of  ferro- 
manganese  would,  of  course,  introduce  too  much  of  other 
impurities.  The  Darby  process  of  recarburising  (see  p. 
108)  was  introduced  to  overcome  this  difficulty. 

The  Slag, — The  slag  is  a  silicate  of  iron  and  lime  con- 
taining also  phosphate  of  lime.  The  silica  must  be  kept 
low  to  ensure  the  removal  of  the  phosphorus,  so  that  the 
amount  of  lime  to  be  added  will  vary  directly  with  the 
amount  of  silicon  in  the  iron.  As  the  slag  must  be  kept 
sufficiently  liquid  and  sufficiently  oxidising  during  the 
process,  the  ore  and  lime  must  be  added  from  time  to 
time  as  the  oxidation  goes  on.  The  slag  at  the  end 
should  not  contain  more  than  about  12  per  cent,  of  silica 
and  16  or  17  per  cent,  of  oxide  of  iron,  and  about  40  per 
cent,  of  lime.  The  amount  of  phosphoric  acid  will  de- 
pend on  the  amount  of  phosphorus  in  the  iron.    . 

When  working  iron  high  in  phosphorus  and  low  in 
silicon,  the  slag  will  contain  enough  phosphorus  to  be  of 
value  as  a  manure,  but  in  other  cases  it  will  not. 

Future  of  the  Process. — The  basic  open-hearth  process  will 
probably  be  very  largely  used  in  the  future,  as  the  wide 
range  of  pig  available  gives  it  a  general  applicability 
which  none  of  the  other  processes  have.  It  is  more 
costly  to  work  than  the  acid  process  on  account  of  the 
large  quantity  of  lime  used,  and  also  because  the  furnace 
needs  more  constant  repair.  The  time  occupied  is  about 
the  same  as  that  of  the  acid  process,  and  depends  on  the 
amount  of  impurities  to  be  removed. 

Removal  of  Sulphur. — Sulphur  is  the  one  element  not 
removed  by  any  of  the  steel  processes  described,  so  that  in 
all  cases  a  sulphur-free  iron  must  be  used. 

Mr.  Ernest  Henry  Saniter  devised  a  process  for  the 
desulphurisation  of  pig  iron,  depending  on  the  use  of  lime 
and  calcium  chloride.  This  can  be  used  on  the  pig  iron 
•  as  it  flows  from  the  blast  furnace,  and,  therefore,  a 
sulphur-free  iron  can  be  obtained  from  ores  and  other 
materials  containing  sulphur. 
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Mr.  Saniter  has  also  applied  his  process  to  the  de- 
sulphurisation  in  the  open-hearth  furnace,  so  that  good 
steel  can  be  made  from  iron  containing  a  fair  proportion 
of  sulphur.  A  large  amount  of  lime  must  be  added  so  as 
to  produce  a  slag  containing  at  least  50  ner  cent,  of 
lime,  and  with  the  latter  portions  of  the  lime  dry  calcium 
chloride  or  a  mixture  of  calcium  chloride  and  fluorspar  is 
also  added,  and  the  charge  worked  as  usual,  the  sulphur 
then  passing  into  the  slag.  The  reaction  takes  longer 
than  when  there  is  no  sulphur  to  be  removed.  The 
chemical  action  is  somewhat  uncertain.  The  lime  seems 
to  be  the  active  desulphurising  agent,  and  the  action  of 
the  calcium  chloride  or  fluorspar  may  be  only  to  keep  the 
very  basic  slag  sufficiently  liquid  to  allow  it  to  act  upon 
the  metal.  The  removal  of  the  sulphur  is  fairly  complete, 
a  steel  not  less  than  *03  per  cent,  having  been  made  from 
iron  with  over  '5  per  cent. 

The  calcium  chloride  or  fluorspar  seems  to  reduce  the 
sohibility  of  the  phosphate,  and  thus  diminish  the  value 
of  the  slag  for  manure. 
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CHAPTER    VIII. 

MODIFICATIONS    OF    THE    OPEN-HEARTH    PROCESSES. 

During  the  last  few  years  a  vast  amount  of  attention  has 
been  given  to  the  open-hearth  steel  processes,  and  many 
modifications,  both  in  plant  and  method  of  working,  have 
been  suggested,  mainly  with  the  object  of  increasing  the 
output  of  the  furnaces  or  diminishing  the  amount  of 
labour.  Almost  every  part  of  the  plant  has  been  modified 
in  various  ways,  but  it  will  not  be  necessary  here  to  deal 
with  minor  inventions  and  improvements. 

Charging. — One  of  the  most  tedious  operations  in  con- 
nection with  the  open-hearth  furnace  is  the  charging. 
The  charging  of  a  25-ton  furnace  by  hand  takes  about  two 
hours,  and  with  larger  furnaces  proportionately  longer, 
and  it  is  impossible  to  shorten  the  time  by  increasing  the 
amount  of  labour,  as  there  is  not  room  for  more  men  to 
work. 

To  overcome  this,  two  methods  have  been  suggested  : 
(1)  the  use  of  liquid  metal;  (2)  charging  machines. 

(1.)  Liquid  Metal, — This  method  is  only  applicable 
^here  the  metal  can  be  taken  from  the  blast  furnace  either 
direct  or  through  a  mixer,  for  it  would  certainly  not  pay 
to  melt  the  iron  in  a  cupola  as  is  done  in  the  Bessemer 
process.  The  metal  from  the  furnace  or  the  mixer  is  run 
into  a  large  ladle,  this  is  taken  to  the  furnace,  and  the 
metal  run  into  the  furnace  by  means  of  a  shoot,  either 
by  tapping  the  ladle  or  by  tilting  it  and  pouring  out 
the  metal,  the  latter  being  the  more  usual  and  most  satis- 
factory plan.  In  some  works  an  overhead  crane  runs 
along  the  whole  length  of  the  furnaces  over  the  working 
platform,  and  by  this  the  ladle  is  lifted  from  the  carriage 
by  which  it  is  brought  from  the  mixer,  carried  to  the  fur- 
nace, and  then,  by  means  of  a  chain  attached  to  the 
bottom  of  the  ladle,  the  metal  is  poured  into  the  furnace. 

This  method  saves  labour  at  the  pig  bed  and  in  charg- 
ing the  furnace,  but  it  does  not  materially  shorten  the 
G 
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process,  and  more  ore  is  required  in  working.  The  reason 
for  this  is  that  in  the  ordinary  process  there  is  a  good 
deal  of  oxidation  whilst  the  metal  is  melting,  a  large 
surface  being  exposed  to  the  air,  and  this,  of  course,  does 


not  take  place  when  the  metal  is  poured  into  the  furnace, 
but  oreing  must  be  begun  at  once. 

Char^fiDEf  Machines  —  Several  forma  of  charging 
machines  have  been  devised,  but  the  only  one  that  has 
come  largely  into  use  is  the  Wcllman  (Figa.  45  and  46), 
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made  by  the  WeUman-Seaver-Morgan  Company,  so  it  will 
be  sufficient  to  describe  that. 

The  charging  platform  must  be  broad  and  the  roof 
lofty,  and  the  furnaces  should  be  in  a  single  line.  The 
charger  is  made  in  two  forms,  one  carried  on  &  carriage 


Kig.  4(i.— View  of  Wellman  Charging  Machine, 


Fig.  47.— Wellman-Seaver  Electcio  Overhead  Charger. 

which  runs  on  rails  on  the  platform,  the  other  which 
is  carried  overhead  (Fig.  47).  The  latter  form  will  be  de- 
scribed here. 

Along  the  front  of  the  furnaces  is  laid  a  narrow  rail 
track,  on  which  the  trucks  carrying  the  charge  can  run. 

The  charger  itself  is  carried  on  strong  girders  running 
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the  whole  length  of  the  melting  shop  in  front  of  the 
furnace,  and  is  like  a  strong  overhead  crane,  carrying 
motors  by  which  motion  can  be  given  in  two  directions, 
viz.  the  whole  framework  along  the  furnaces,  and  the 
charger  truck  itself  to  and  from  the  furnaces.  From  the 
charger  truck  descends  to  about  the  level  of  the  furnace 
door  a  strong  framework,  which  carries  the  charging  bars 
and  the  operator's  platform.  The  charging  platform  is  at- 
tached to  the  charging  bar  and  carries  a  small  motor 
by  which  the  bar  can  be  turned  right  or  left,  up  or  down, 
and  another  by  which  it  can  be  rotated  on  its  axis.  As 
the  charger's  platform  is  at  the  end  of  the  bar,  the  charger 
can  always  see  along  the  whole  length  of  it. 

The  charge  is  put  into  a  series  of  charging  boxes,  6  ft. 
long  by  2  ft.  wide  and  1  ft.  9  in.  deep,  each  of  which  will 
hold  about  1  ton  of  scrap  or  pig  iron.  These  are  placed 
on  bogies  and  are  drawn  into  position  in  front  of  the 
furnace. 

At  the  end  of  each  charging  box  is  a  socket  into  which 
the  end  of  the  charging  bar  is  made  to  fit.  The  charging 
bar  itself  is  hollow,  and  through  it  runs  a  strong  rod,  the 
locking  bar  for  holding  the  boxes  in  position.  Driving 
the  locking  bar  forward  against  the  end  of  the  box  fixes 
it,  and  withdrawing  it  releases  it. 

The  charged  boxes  being  in  front  of  the  furnace,  the 
charger  is  brought  up,  the  end  of  the  bar  is  lowered  into 
the  socket  on  the  charging  box  so  as  to  hold  it  securely, 
and  by  lifting  the  bar  the  box  is  lifted  off  the  carriage. 
The  charger  truck  is  now  advanced  towards  the  furnace, 
so  that  the  box  is  pushed  through  the  door  into  the  fur- 
nace. The  man  on  the  platform,  by  turning  the  bar  to  the 
right  or  to  the  left,  gets  the  box  into  the  required  position, 
then  rotates  the  bar  so  as  to  turn  it  over,  depositing  the 
charge  on  the  hearth  of  the  furnace.  The  box  is  then 
turned  up  again,  the  truck  run  back,  so  that  the  box 
is  drawn  out  of  the  furnace.  It  is  then  deposited  on  the 
truck  released  by  the  locking  bar,  the  end  of  the  charg- 
ing rod  is  lifted  out  of  the  socket  and  dropped  into  the 
socket  of  the  next  box,  which  is  then  in  its  turn  emptied 
into  the  furnace,  and  so  on.  All  parts  of  the  mechanism 
are  operated  by  electricity. 

By  means  of  this  machine  about  50  tons  of  material  can 
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be  charged  in  an  hour,  so  that  the  saving  of  time  in 
charging  and  the  saving  of  labour  also  is  very  consider- 
able. One  machine  can  work  six  furnaces,  but  the  makers 
advise  that  two  should  be  provided  for  each  six  furnaces, 
so  as  to  avoid  delay  in  case  of  breakdowns. 

The  Regenerators. — Many  suggestions  have  been  made 
for  changing  the  position  and  form  of  the  regenerators. 
In  the  Batho  furnace  the  regenerators  are  enclosed  in 
iron  casings,  and  are  placed  at  the  same  level  as  the 
furnace,  one  at  each  corner.  This  has  the  advantage  that 
the  regenerator  chambers  are  more  easily  accessible,  but 
it  has  the  disadvantage  of  occupying  more  room.  There 
can  be  no  doubt  that  if  possible  the  regenerator  chambers 
should  be  below  the  level  of  the  furnace,  so  that  the  gases 
may  rise  into  it  by  natural  draught.  In  Hilton's  furnace 
the  chambers  are  separate,  each  in  its  own  casing^  but  are . 
placed  under  the  furnace. 

The  regenerators,  as  stated  above,  are  occasionally 
placed  in  other  positions,  and  sometimes  under  the  work-' 
ing  platform.  This  is  very  objectionable,  as  it  makes  the 
working  platform,  which  is  never  very  cool,  unbearably  hot. 

The  Furnace. — The  furnaces  are  now  built  of  very 
large  size.  They  are  usually  rectangular,  but  elliptical 
or  circular  furnaces  have  been  suggested. 

In  the  original  Siemens  furnaces  the  roof  was  dipped 
in  the  middle,  with  the  object  of  deflecting  the  flame 
downwards.  In  modern  furnaces  the  roof  is  longitudin- 
ally, nearly  or  quite  level,  a  downward  direction  being 
given  to  the  gases  by  a  sharp  fall  in  the  passages  leading 
to  the  ports.  Mr.  F.  Siemens  contends  that  a  roof  slightly 
domed — i.e.  higher  in  the  middle — would  be  better  still. 

The  limit  of  temperature  which  can  be  produced  in  a 
furnace  fed  with  producer  gas,  which  consists  mainly 
of  carbon-monoxide,  is  that  at  which  carbon-dioxide  dis- 
sociates. The  dissociation  point  is  not  fixed,  but  is 
lowered  by  contact  of  the  gas  with  hot  solids,  and  there- 
fore Mr.  Siemens  contends  the  best  way  to  obtain  a  very 
high  temperature  is  to  give  the  gas  ample  space  for  com- 
bustion. 

Tilting  Furnaces. — ^The  most  important  modification  of 
the  Siemens  furnace  for  stee]  making  is  the  introduction  of 
the  tiltini?  or  rolling  furnace.    Several  forms  of  this  furnace 
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have  been  suggested,  but  it  will  be  sufficient  to  describe  the 
Wellm&a  furnace,  wl^ch  is  the  most  largely  used. 

The   Wellman  Furnace. — The  body  of  the  furnace  is 
similar  to  that  of  the  ordinary  Siemens  furnace,  but  it 


— Pouring  into  Ludle. 


Fig,  49.— Wellman  Furnace,  with  Foce-hearth. 

ia  built  indepeDdeut  of  the  foundations.  It  is  very 
strongly  cased  in  iron,  the  ties  or  stays  being  firmly 
riveted,  so  that  it  is  much  like  a  strong  iron  box,  lined 
with  fire-brick,  and  with  a  fire-brick  roof  (Figs.  48  and  49). 
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At  the  bottom  of  the  furnace  are  three  curved  iron  girders, 
which  rest  upon  strong  supports,  and  at  the  back  oE  the 
furnace  is  a  powerful  hydraulic  ram,  by  which  the  furnaces 
can  be  tilted  an  required.  The  furnace  has  working  doors 
on  each  side,  as  usual,  which  are  operated  by  hydraulic 
cylinders  in  sucb  a  way  that  they  remain  closed  when 
the  furnace  is  tilted,  and  also  ports  at  each  end  for  the 
admission  of  air  and  the  carrying  away  of  the  pro- 
ducts of  combustion.  The  ports  have  to  be  specially  con- 
structed so  as  to  allow  of  the  tilting  (Fig.  50).  The  end  of 
the  furnace  is  protected  by  strong  steel  plates  with  open- 


Fig.  60.— Wellman  Tilting  Furnace. 

ings  for  the  ports.  The  ports  themselves  are  contained  in 
a  separate  self-contained  structure  carried  on  four  flanged 
wneels  running  on   raits. 

The  uptakes  from  the  regenerators  are  carried  to  the 
level  of  the  bottom  of  this  port  carriage,  and  the  rails  are 
laid  over  them.  Bound  the  upper  ends  of  the  two  passages 
leading  from  the  regenerators  are  two  oaat-iron  water- 
troughs,  while  round  the  corresponding  openings  on  the 
under  side  of  the  port  are  fitted  rings  projecting  down- 
wards into  the  water-troughs,  thus  forming  a  water  seal 
between  the  movable  port  and  the  fixed  uptake,  sufficient 
clearance  being  given  to  allow  the  port  to  be  moved  a  few 
inches  towards  or  from  the  furnace  without  breaking  its 
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seal.  The  joint  between  the  ports  and  the  furnace  is  made 
by  cast-iron  rings  on  the  former  pressing  against  corre- 
sponding rings  on  the  latter.  The  joint  is  quite  efficient, 
the  leakage  in  or  out  being  negligible.  When  the  fur- 
nace is  about  to  be  tilted,  the  port  chamber  is  drawn  a 
little  back  to  avoid  friction  between  it  and  the  furnace 
body.  When  the  ports  need  repair  the  whole  chamber  is 
lifted  away  by  means  of  an  overhead  crane  and  is  re- 
placed by  another,  the  change  being  made  in  about  half 
an  hour. 

The  tap-hole  of  the  furnace  is  so  arranged  as  to  be 
always  above  the  level  of  the  charge  when  the  furnace  is 
upright,  so  that  the  hole  need  only  be  loosely  stoppered 
with  clay.  On  the  outer  casing  flanges  and  holes  are 
provided  by  which  a  suitable  spout  or  fore-hearth  can  be 
bolted  on. 

The  regenerative  chambers  cannot  be  under  the  furnace, 
but  are  usually  placed  two  at  each  end  of  the  furnace. 

The  furnace  is  charged  in  the  usual  way,  either  by 
means  of  a  machine  or  with  liquid  metal,  and  the  charge 
is  worked  as  usual.  When  the  charge  is  ready,  the  fur- 
nace may  be  rolled  over  and  the  slag  poured  off,  the  metal 
being  then  poured  into  the  ladle,  or  it  may  be  rolled 
so  that  the  tap-hole  is  below  the  slag  level,  the  tap-hole 
opened,  and  the  metal  run  out  from  beneath  the  slag  as 
usual. 

A  '^  fore-hearth  "  may  be  attached  in  place  of  a  pouring 
spout.  This  closely  resembles  the  Casperson  converter 
ladle  described  in  connection  with  the  Bessemer  process 
(p.  54).  It  is  an  iron  projection  which  can  be  attached 
to  the  furnace,  lined  with  fire-clay  and  provided  with  a 
tap-hole  and  stopper  like  an  ordinary  ladle.  When  it 
is  used  the  ladle  is  dispensed  with,  the  metal  being  tapped 
directly  into  the  moulds,  which  are  drawn  underneath  to 
receive  it. 

Many  advantages  are  claimed  for  the  rolling  furnace  : — 
(1.)  As  the  pouring  hole  is  above  the  level  of  the  bath, 
it  only  needs  to  be  loosely  stoppered,  and  the 
trouble  and  delay  of  opening  the  tap-hole  is  saved. 
(2.)  Since  no  injury  is  done  to  the  tap-hole  by  open- 
ing, the  life  of  the  furnace  bottom  is  much  pro* 
longed. 
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(3.)  If  the  slag  is  too  abundant,  as  often  happens  in 
the  basic  process,  it  can  be  poured  off  at  intervals 
during   the   melting. 
(4.)  The  metal  can  be. completely  poured  off,  no  pools 

being  left  at  the  bottom  of  the  furnace. 
(5.)  Should  any  hitch  occur  during  pouring,  the  fur- 
nace can  be  instantly  tilted  back  and  the  pouring 
^     stopped. 

The  fore-hearth  also  has  several  advantages.  There  is 
much  less  cooling  than  when  a  ladle  is  used,  so  that  the 
metal  is  tapped  hotter.  The  metal  is  easily  distributed, 
and  should  the  stopper  leak,  the  furnace  can  be  rolled 
back  till  it  is  repaired.  The  pouring  is  also  said  to  be 
much  quicker  than  from  a  ladle. 

Tilting  furnaces  of  large  size  are  now  being  built,  and 
some  up  to  200  tons  capacity  are  in  use. 

Modifications  in  Methods  of  Working. — As  remarked 
above,  the  open-hearth  process  is  far  behind  the  Bessemer 
process  in  output,  and  the  modifications  in  the  open-hearth 
process  have  been  mainly  in  the  direction  of  obtaining 
increased  output. 

Four  modifications  only  need  be  mentioned  : — 

(1.)  Combined  Bessemer  and  Open-hearth'  Process. — 
As  the  advantage  of  the  Bessemer  process  is  its  rapidity 
of  working,  whilst  the  advantage  of  the  Siemens  process 
is  the  control  of  the  last  stages,  it  has  been  suggested  to 
blow  the  charge  in  a  Bessemer  converter  until  almost  all 
the  carbon  is  removed  and  then  to  transfer  the  metal  to 
an  open-hearth  furnace  for  finishing.  The  practical  diffi- 
culties in  the  way  of  always  fitting  together  the  two  pro- 
cesses have  prevented  this  method  coming  into  use. 

(2.)  The  Monell  Process. — In  this  process  ore  and  lime- 
stone are  charged  into  the  furnace,  which  must  be  basic- 
lined,  as  the  oxide  would  attack  the  silica ;  allowing  it  to 
become  very  hot,  and  then  pouring  on  the  molten  metal. 
The  action  is  very  rapid,  the  slag  rises  in  the  pud- 
dling process,  and  is  allowed  to  flow  over  a  cinder  notch. 

(3.)  The  Talbot  Process. — This  process,  which  was  intro- 
duced by  Mr.  Talbot  in  1900,  is  now  coming  rapidly  into 
use.  The  furnace  used  is  necessarily  a  rolling  or  tilting 
furnace,  and  it  may  be  of  large  size  (furnaces  up  to  200 
tons  capacity  being  now  in  use),  and  is  basic-lined.    The 
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furnace  is  charged  as  usual  at  the  beginning  of  the  week, 
and  the  first  charge  is  worked  exactly  in  the  usual  way. 
When  the  first  charge  is  completed,  a  portion  of  the  slag 
is  poured  off  through  a  slag-notch  on  the  charging  side. 
Then  a  portion  only,  usually  about  one-third,  of  the 
charge  is  poured  out  into  a  ladle  and  recarburised  in  the 
usual  way.  The  furnace  is  then  turned  up,  lime  and 
oxide  are  added,  and  then  liquid  pig  iron  is  run  in  to 
make  up  for  the  steel  poured  out,  and  the  charge  is  worked 
as  usual ;  another  portion  is  then  poured  out,  and  this  is 
repeated  through  the  week,  the  furnace  not  being  com- 
pletely emptied  till  the  end  of  the  week. 

The  reaction  is  very  vigorous,  and  the  elimination  of 
impurities  is  very  rapid.  After  about  15  minutes  most  of 
the  ore  in  the  slag  is  reduced,  and  a  portion  of  the  slag 
is  poured  ofE,  the  charge  being  finished  by  the  additions 
of  lime  and  ore  as  usual.  A  cast  can  be  made  every  three 
or  four  hours,  but  the  time  will  necessarily  vary  with  the 
nature  of  the  iron  used.  Mr.  Talbot  made  30  heats  a 
week  at  Pencoed  in  a  75-ton  furnace;  which  would  be  an 
output  of  about  750  tons  a  week. 

Messrs.  Jones  and  Laughlin  with  a  200-ton  furnace, 
working  on  haematite  iron,  have  turned  out  as  much  as 
1,420  tons  a  week.  The  rapid  elimination  of  the  imipuritieis 
is  due  to  the  high  temperature  at  which  the  reaction 
takes  place,  and  also  to  the  fact  that  owing  to  the  pig 
iron  being  added  to  the  decarburised  metal  already  in  the 
furnace  the  bath  is  always  dilute,  and  the  slag  is  always 
strongly  oxidising. 

The  method  of  working  will  depend  somewhat  on  the 
character  of  the  iron  ;  when  haematite  iron  is  being  worked 
the  temperature  is  kept  as  high  as  possible,  so  that  the 
action  may  be  rapid,  the  basic-lining  ensuring  the  removal 
of  all  the  silicon.  With  a  basic  charge,  on  the  other  hand, 
especially  if  high  in  phosphorus,  the  temperature  is  kept 
as  low  as  is  consistent  with  fluidity,  so  as  to  ensure  the 
complete  removal  of  the  phosphorus  before  the  carbon 
is  all  gone. 

Scrap  can  be  used,  but  the  addition  of  cold  scrap  de- 
lays the  process,  and  Mr.  Talbot  prefers  to  melt  the  scrap 
in  a  blast  furnace,  and  thus  convert  it  again  into  pig 
iron.    The  metal  is  necessarily  supplied  in  the  liquid  form, 
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preferably  from  a  mixer,  and  to  ensure  rapid  working  with 
large  furnaces,  the  ore  and  lime  are  charged  by  meane  of  a 
Wellman  charging  machine. 

As  the  furnace  is  not  allowed  to  cool  during  the  week, 
and  is  not  exposed  to  the  air,  the  life  of  the  hearth  is 
prolonged,  and  only  small  repairs  are  necessary  at  the 
end  of  the  week. 

(4.)  The  Bertrand-Thiel  Process.— The  peculiarity  of 
this  process  is  that  two  furnaces  are  used,  the  process 
being  commenced  in  one  (the  primary),  and  completed  in  , 
the  second  (the  secondary).  Either  fixed  or  tilting  furnaces 
may  be  used.  In  the  former  case  the  metal  is  tapped  from 
the  primary  furnace  into  a  ladle,  which  is  carried  by  an 


Fig.  51.— Arrftngement  of  Rolling  Furnaces  for  the  Bertrand  Proceas, 

overhead  crane  or  otherwise  to  the  secondary  furnace ;  and 
in  the  latter  case  the  furnaces  arc  placed  back  to  back,  so 
that  by  means  of  a  suitable  shoot  the  metal  can  be  poured 
directly  from  one  to  the  other.  (Fig.  51  shows  arrange- 
ment of  Boiling  Furnaces  for  the  Bertrand  Process.) 

The  charge  is  introduced  into  the  primary  furnace  in 
the  liquid  condition,  and  is  worked,  as  usual,  with  a  very 
basic  slag,  the  temperature  being  kept  as  low  as  pos- 
sible. In  about  four  hours  all  the  silicon,  moat  of  the 
phosphorus,  but  only  little  of  the  carbon,  has  been  removed. 
In  the  meantime,  limestone,  oxide  of  iron,  and  any  scrap 
that  is  to  be  used  are  introduced  into  the  secondary  fur- 
nace, and  heated  to  a  very  high  temperature,  and  the 
charge  from  the  primary  furnace  is  poured  in.     A  very 
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vigorous  reaction  takes  place,  the  carbon  is  rapidly  elim- 
inated, and  in  a  little  over  two  hours  the  charge  is  ready 
for  tapping.  It  is  tapped  out  as  usual,  and  the  furnace 
is  made  ready  for  its  next  charge,  which,  in  the  meantime, 
'  has  been  prepared  in  the  primary  furnace. 

The  output,  as  will  be  seen,  is  large,  since  in  the  two 
furnaces  a  charge  of  say  50  tons  can  be  turned  out  every 
4  or  4i  hours.  The  jdeld  is  also  higher,  101  tons  of  steel 
having  been  obtained  from  100  tons  of  pig  iron.  The 
furnaces  used  must  be  of  large  size  in  proportion  to  their 
contents,  as  the  charge  must  be  shallow  and  expose  a 
large  surface  to  the  air.  Mr.  Harbord  states  that  a  furnace 
wnich  will  hold  50  tons  for  the  Bertrand-Thiel  process, 
would  hold  80  to  100  tons  if  worked  in  the  ordinary  way. 
The  slag  from  the  primary  furnace  is  rich  in  phosphorus, 
but  the  richness  will,  of  course,  depend  on  the  quantity  of 
phosphorus  in  the  iron.  In  one  case,  working  a  phosphoric 
iron,  the  slag  contained  nearly  22  per  cent,  of  phosphoric 
anhydride.  The  slag  from  the  secondary  furnace  contains 
but  little  phosphorus. 

The  conditions  for  the  removal  of  silicon  and  phos- 
phorus in  the  primary  furnace  are  low  temperature  and 
very  basic  slag,  whilst  the  rapid  completion  of  the  pro- 
cess in  the  secondary  furnace  is  no  doubt  due  to  the  very 
high  temperature  and  the  absence  of  phosphorus  and 
silicon  from  the  slag  formed. 

The  Darby  Process  of  Recarhurisation. — This  consists 
in  adding  carbon  in  the  form  of  wood  charcoal  so  as  to 
be  able  to  add  a  considerable  percentage  of  carbon  with- 
out other  impurities.  The  steel  is  finished  in  the  usual 
way,  enough  ferro-manganese  being  added  to  remove  the 
oxygen ;  the  metal  is  then,  on  its  way  to  the  ladle,  passed 
through  a  small  funnel  or  supplemental  ladle  to  which 
the  carbonising  material  is  supplied  in  a  steady  stream. 
The  following  table  will  show  some  of  the  results  ob- 
tained : — 


Carbon  desired. 

Before  carhonisinff. 

After  carbwiising. 

0-65 

•069 

i  0-668  first. 
\  0-660  last. 

0-70 

-0|S 

(  0-708  first. 
1  0-700  la«t. 

•80 

•070 

i  0*806  first. 
(0-804  last. 
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Futare  Processes. — In  the  desire  to  obtain  a  large 
output,  there  is  little  doubt  that  in  the  future  one  of 
these  modified  methods  of  work  will  be  largely  used,  and 
at  present  it  seems  that  the  Talbot  will  become  very 
general. 

The  advantages  of  the  Siemens  process,  especially  the 
control  of  the  quality  of  the  metal,  are  leading  to  its 
general  use,  whilst  the  Bessemer  process  is  gradually  fall- 
ing back,  and  is  likely  in  the  future  to  be  only  used  for 
rails  and  similar  articles  where  the  output  required  is 
very  large,  the  price  low,  and  absolute  uniformity  of 
composition  is  not  essential. 

Whether  the  acid  or  the  basic  process  will  be  used 
will  depend  on  circumstances.  Whilst  good  hsematite  pig 
can  be  obtained  at  a  reasonable  price  the  acid  process  will 
hold  its  own,  but  the  basic  process  has  the  great  advan- 
tage thai  whilst  good  hsematite  pig  can  be  worked  by  it 
quite  as  well  as  any  other,  it  can  also  deal  with  iron 
containing  phosphorus  quite  satisfactorily. 

The  ,  output  of  steel  by  the  open-hearth  process  is 
rapidly  increasing;  the  following  figures  give  the  output 
in  tons  by  the  various  processes  in  the  United  Kingdom 
for  1904  :— 


Acid, 

Basic. 

Total, 

Ptrcent 

Bessemer    ... 

...     1,129,224 

652,309 

1,781,533 

35-4 

Open  hearth 

...     2,683,282 

662,004 

3,245,346 

64-6 

3,712,506        1,314,373         5,026,879  100 


In  the  United  States  the  output  was — 

Bessemer       7,859,140  toDS    =:    56-6  per  cent. 

Open  hearth 5,829,911      „      =    42*7 

Crucible  and  special  92,581      „      =        '7 


If 


13,859,887     „      =     100 


In  Germany  the  production  was — 

•  Acid.                   Basic  Total. 

Bessemer  ingots  ...     423,742           5,525,429  4,949,171 

Open-hearth  ingots  ...     130,546           2,697,760  2,828,306 

Direct  castings  ...       56,409                96,405  152,814 


610,697  8,319,594  8,930,515 
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The    steel    production    of    the    world    was,    in    metric 
tons : — 


Austro-Hungary 

1,195,000 

Belgium      

1,069,880 

Canada        

151,165 

France         ...         

2,080,364 

Germany     

8,930,291 

Italy            

113,800 

Bassia          

....         2,811,948 

Spain           ....      

196,000 

Sweden       

333,522 

United  Kingdom 

6,107,309 

United  States 

13,746,061 

Other  countries      

416,000 

36,160,320 

Ill 


CHAPTER    IX. 

STEEL   WORKS   APPLIANCES. 

When  the  steel  has  left  the  furnace,  the  plant  required 
for  dealing  with  it  is  the  same  by  whatever  process  it 
was*  made. 

The  Ladle. — The  steel  is  poured  from  the  converter  or 
from  the  furnace  into  a  ladle  for  distribution  to  the 
moulds.  The  ladle  as  at  present  used  (Fig.  61),  was 
invented  by  Bessemer  for  use  with  his  process.  It  con- 
sists of  a  shell  of  steel  plates  about  1  in.  thick,  and  is 
lined  with  some  refractory  material,  usually  a  layer  of 
bricks.  It  is  circular  if  its  capacity  is  25  tons  or  less,  but 
for  larger  sizes  elliptical  ladles  are  very  frequently 
used.  At  the  bottom  of  the  ladle  is  a  hole  in  which  is 
fitted  a  fire-clay  nozzle;  over  this  is  a  vertical  steel  rod, 
at  the  bottom  of  which  is  a  fire-clay  plug  which  fits  down 
upon  the  nozzle.  The  rod  is  surrounded  by  a  sleeve  made 
up  of  a  series  of  short  fire-clay  cylinders  luted  on  with 
clay  so  as  to  protect  it  from  the  heat  of  the"  molten 
metal.  This  rod  is  rigidly  attached  to  a  frame  con- 
nected with  a  lever  outside  the  ladle,  so  that  it  can  be 
raised  or  lowered.  When  it  is  raised,  the  nozzle  is  opened 
and  the  metal  flows  out;  when  it  is  lowered,  the  hole  is 
stopped,  and  no  more  metal  can  flow. 

In  the  Bessemer  process,  where  a  circular  pit  is  used, 
the  ladle  is  carried  on  a  circular  ladle  crane  as  already 
described.  In  the  Siemens  process,  where  the  casting 
pits  are  usually  longitudinal,  it  is  carried  on  a  suitable 
truck  which  runs  on  rails  over  the  casting  pit. 

The  ladle  is  carried  on  trunnions  so  that  it  can  be 
tilted  over  to  empty  out  the  residual  slag.  The  tilting 
gear  may  be  a  chain  attached  to  the  one  side,  or  more 
usually  a  worm  gear. 

Before  the  ladle  is  used  the  lining  must  be  thoroughly 
dried,  or  explosion  may  result  when  the  hot  steel  is  run 
into  it.    This  is  usually  done  by  lighting  a  wood  fire  in  it. 
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and  keeping  it  up  till  the  lining  is  quite  dry.  In  many 
works  the  ladle  is  covered  with  a  hood,  through  which  a 
pipe  from  the  gas  producers  passes,  and  a  jet  of  gas  is 
burned  in  it.  This  is  more  rapid  and  more  satisfactory 
than  the  separate  fire. 

The  Casting  Fit.— This  may  be  either  circular  or  longi- 
tudinal, and  must  be  deep  enough  to  contain  the  moulds 


tig  52— Top  of  Ingot  Mould.  Fig.  SS.~Side 
View  of  Ingot  Mould.  Fig.  54. — Sectdon  of 
Ingot  Mould.  Fig.  65. — Bottom  of  Ingot 
Mould.    Fig.  56. — Moulds  on  Ganii^. 


so  that  the  ladlp  can  be  brought  over  them  for  filling. 
A  longitudinal  pit  will  be  6  or  7  ft.  wide,  and  the  ladle 
rails  will  be  laid  along  the  top  of  it.  In  works  where 
ingots  of  very  varying  size  are  made,  several  pits  of 
different  depths  are  provided. 

The  Moulds.— The  form  of  mould  (Figs.  53  to  55)  now 
in   general  use  was  introduced   "      ~ 
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cast  iron  cast  in  one  piece,  and  open  bottom  and  top.  It 
is  alightly  conical,  so  that  it  can  be  lifted  off  the  ingot 
within,  and  is  provided  at  the  top  with  eyes  or  lugs, 
into  which  the  hook  or  grab  of  the  iogot  crane  can  pass. 
The  mould  is  always  made  slightly  longer  than  the  ingot 
which  is  to  be  made.  It  may  be  square,  rectangular,  or 
any  other  required  shape.  The  ingot  moulds  are  always 
cast  of  BoBsemer  iron,  very  frequently  direct  from  the 
blast    furna<!e,    so    that    when    broken    or    damaged    they 


Fig-.  57, — Ingot  Moulds  oa  Carri^ed., 

eao  be  transferred  to  the  melting  furnace  and  converted 
into  steel.  The  iron  used  should  be  of  a  close  fine  tex- 
ture. When  the  mould  is  to  be  used,  it  is  placed  with  the 
larger  end  downwards  on  a  slab  of  iron,  and  is  luted 
round  with  clay. 

For  special  purposes  moulds  of  other  forms  are  used. 
By  means  of  a  central  mould  with  channels  from  the 
bottom  of  other  moulds,  small  ingots  may  be  cast  in 
groups  from  below.  Moulds  closed  at  the  bottom  are 
sometimes  used,  but  the  open  mould  already  described 
is  in  almost  universal  use  for  the  casting  of  ingots.     When 
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a  tilting  furnace  with  a  fore-hearth  is  used,  the  moulds 
must  be  movable  bo  that  they  can  be  brought  under  the 
fore-hearth  to  receive  the  metal.  The  moulds  tbemselvea 
are  not  changed,  but  instead  of  being  placed  on  a  slab 
of  metal  In  the  casting  pit,  they  are  carried  on  small 
trucks  which  run  on  suitable  rails  (see  Figs.  56  and  57), 
the  sides  of  the  trucks  being  carried  over  the  wheels  so  as 
to  protect  them  from  splashea  of  metal. 

Filling  the  Moulds. — The  ladle  is  either  brought  over 
thj  mould  or  the  mould  under  the  ladle,  as  the  case  may 
he,  the  plug  is  raised,  and  the  molten  metal  runs  into 
the  mould.     As  soon  as  it  is  filled  the  plug  is  put  down 


Fig.  SS.— Electric  Ingot  Stripper, 

and  the  ladle  or  the  mould,  as  the  case  may  be,  is  moved 
forward,  so  that  the  next  mould  is  in  position  to  be 
filled.  Immediately,  the  top  of  the  filled  mould  is  filled 
up  with  sand,  and  an  iron  plate  is  put  over  it  and  wedged 
tightly  in  position  by  wedges  passed  through  eyes  east 
for  the  purpose  on  the  top  of  the  mould. 

Stripping  the  Ingots.— As  soon  as  the  metal  has  solidi- 
fied the  mould  is  lifted  away  by  means  of  a  suitable  crane. 
As  a  rule,  the  mould  will  lift  off,  leaving  the  red-hot  ingot 
standing  on  its  base.  Should  it  stick,  the  mould,  with  its 
contained  ingot,  ia  lifted  a  few  inches  and  the  mould  is 
struck  heavily  with  a  sledge.  Should  this  not  do,  it  is 
allowed  to  drop.     This  will,  as  a  rule,  loosen  the  ingot, 
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bat  should  it  not  do  so  the  mould  and  ingot  are  lifted  over 
to  the  ingot  pusher,  by  which  the  ingot  is  pushed  out. 
Fig,  5B  shows  an  electric  ingot  stripper. 

Ingot    Pusher. ^-Tiie    ingot    pusher    (Fig.    59)    consists 
of  a  horizontal  or  inclined  hydraulic  ram  arranged  on  a 


Fig.  69.— li^ot  fusher. 


Fijf,  60, —  View  of  Ladle  and  Looomotive  Crane  showing  Casting  Fit. 

frame,  so  that  the  mould  and  its  contained  ingot  can 
be  placed  on  it  small  end  up,  and  the  ingot  can  be  forced 
out  by  the  ram. 
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When  movable  moulds  are  used  they  are  usually  at  once 
run  to  an  ingot  stripper.  This  consists  of  a  hydraulic 
ram  and  a  hydraulic  crane.  The  ram  is  lowered  so  as  to 
rest  on  the  top  of  the  ingot  and  hold  it  in  position  whilst 
the  mould  is  drawn  off.  The  ingot  is  then  moved  forward 
on  the  carriage  and  lifted  off  by  another  crane,  and  the 
empty  mould  is  moved  on  one  side  and  lowered  on  to 
another  truck  ready  to'  receive  it,  so  that  it  is  ready  for 
use  again.  The  hot  ingot  is  lifted  on  to  a  truck  and 
carried  to  wherever  it  is  required. 

Cranes. — Cranes  of  very  many  types  are  used  for  han- 
dling the  moulds  and  ingots.  For  the  Bessemer  process 
with  a  circular  pit  there  are  usually  two  fixed  cranes, 
so  arranged  as  to  command  the  whole  pit.  They  are 
always  hydraulic,  and  have  a  movable  carriage  on  a 
horizontal  arm,  so  that  the  mould  or  ingot  can  be 
raised  from  any  part  of  the  circumference  of  the  pit. 
For  the  open-hearth  process  with  longitudinal  pits  loco- 
motive cranes  are  used  (Fig.  60).  They  run  on  lines 
parallel  to  the  casting  pit,  and  are  used  to  draw  the 
ladle  along  as  well  as  to  lift  the  moulds  and  ingots. 
Many  types  of  locomotive  crane  are  in  use. 

In  some  works  an  overhead  crane  runs  along  the  whole 
length  of  the  furnaces.  In  this  case  a  separate  locomotive 
must  be  used  for  moving  the  ladle. 

The  Slag  Ladle. — The  slag  from  the  Bessemer  converter 
or  Siemens  furnace  is  usually  run  into  a  ladle  for  re- 
moval. The  slag  ladle  is  often  of  cast  iron,  is  much 
smaller  than  the  metal  ladle,  and  is  not  lined.  It  is 
usually  set  down  in  a  convenient  position,  so  that  when 
the  shoot  is  turned  up  the  slag  will  run  into  it.  When 
the  slag  is  solidified  it  is  lifted  by  the  locomotive  crane, 
tilted  bottom  upwards  by  means  of  a  chain  attached  to  the 
bottom,  and  the  slag  dropped  into  a  truck  for  removal. 
Should  the  slag  stick  it  is  bumped  until  it  falls  out. 

Sometimes  the  slag  is  run  on  to  the  floor,  and  while 
it  is  pasty  an  iron  hook  with  a  bent  end  is  stuck  into  it. 
When  the  slag  has  solidified,  the  mass  is  lifted  away 
by  the  hook,  and  a  few  bumps  break  up  the  slag  and 
liberate  the  hook,  so  that  it  can  be  used  again. 

Heating  Furnaces. — If  the  ingot  is  allowed  to  cool  it 
must  be  heated  again  before  it  can  be  rolled,  and  this  is 
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done  in  what  are  called  heating  or  often  reheating  fur- 
naces. During  rolling  also  it  may  be  necessary  to  re- 
heat the  ingot.  This  will  be  a  convenient  place  to  descrihe 
the  forms  of  heating  furnaces  and  cranes  or  chargers 
used  with  them. 

Heating  furnaces  may  be  horizontal  or  vertical,  that 
is,  the  ingot  may  be  charged  horizontally  through  a  side 
door  and  rest  on  its  side,  or  it  may  be  charged  through 


LongiitDdiDal  Section  of  Weaidale  Fnmace. 


Fig.  62.— CrosB  Section  of  Wcatdale  Furnace. 

the  roof  of  the  furnace  and  rest  on  its  base.  The  furnace 
will  necessarily  vary  in  form  according  aa  it  is  to  be  used 
for  heating  ingots  or  plates,  but  the  principle  will  be  the 
same  in  all  cases. 

The  temperature  required  will  not  be  as  high  as  that 
of  the  melting  furnace,  since  the  steel  has  not  to  be 
melted,  but  to  be  heated  to  a  uniform  welding  tempera- 
ture. The  heating  must  not  be  superficial,  but  the  whole 
ingot  must   be   heated   to   a   uniform   temperature  right 
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through,  and  for  this  purpose  a  loDg  heating  or  soaking 
is  necessary.  The  furnace  is  therefore  often  called  a  soak- 
ing furnace. 

Solid  Fuel  Furnaces.— These  furnaces  call  for  little 
remark.  They  are  reverberatory  furnaces  of  the  usual 
type.  The  roof  is  always  low  and  the  hearth  is  flat- 
The  doors  are  large  enough  to  admit  the  ingots  or 
plates  which  have  to  be  heated.  The  fuel  ik  usually 
coal,    and   sometimes,    especially    where    inferior    fuel    is 


.  Fig.  S'S. — Electric  Slab  Charger  for  Reheating  Famaoek 
used,  the  fireplace  ia  made  so  deep  as  to  be  almost  a  gas 

Gas-fired  Heating  Furnaces.  —  Siemens  regenerative 
furnaces  are  very  frequently  used,  as  are  also  furna^ies  of 
the  new  form  of  Siemens  with  only  one  regenerator. 

The  Weardale  FuTnace.—T\n&  is  the  only  special  type 
of  furnace  which  it  is  necessary  to  describe.  It  was 
designed  by  Mr.  W,  H.  Hollis,  of  the  Weardale  Steel 
Company. 

The  furnace  (Figs.  61  and  62)  is  built  with  a  double  roof, 
BO  as  to  leave  a  space  u  between  the  upper  and  lower  roof. 
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The  gas  is  supplied  to  a  space  o  above  the  roof  of  the 
furnace  and  passes  by  openings  k  into  the  space  between 
the  two  roofs.  Here  it  meets  air  which  has  entered  by 
the  openings  c  and  has  become  heated  in  its  passage  be- 
tween the  two  roofa  o£  the  furnEicc,  The  flame  passes  by 
the  openings  L  into  the  furnace  and  spreads  out,  form- 
ing a  broad  sheet  of  flame  which  passes  away  by  the 
opening  d. 

The  furnace  has  a,  row-  of  working  doors  at  the  front 
and  a  slag  hole  at  the  back,  by  which  any  slag  which  is 
formed  can  be  drawn  off. 

The  furnace  is  very  economical,  the  hot  products  being 


Fig.  e4,— Section  ol  Gjera  Soaking  Vita. 

used  to  raise  steam,  and  giving  almost  as  much  steam 
as  the  fuel  would  if  directly  burnt  under  the  boilers. 
Owing  to  the  arrangement  of  the  ports  on  the  top  of  the 
furnace  the  heating  is  very  uniform,  and  uniform  heat- 
ing is  very  important  for  soaking  ingots,  and  is  difBcult 
to  attain  in  a  long  furnace  heated  at  the  ends.  The  Wear- 
dale  furnace  can  be  built  any  length  required,  and,  how- 
ever long,  the  heating  will  he  uniform. 

Continuous  Furnaces. — Ordinary  mild  steel  ingots  may 
be  put  at  once  into  a  hot  furnace,  hut  ingots  of  high 
carbon  steel  must  he  heated  gradually.  For  dealing  with 
these,  therefore,  continuous  furnaces  have  been  designed. 
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These  are  heated  at  one  end,  so  that  that  end  is  much 
hotter  than  the  other,  and  the  ingots  are  worked  continu- 
ously forward,  either  by  means  of  a  ram  or  otherwise. 

Furnace  Chargers. — For  dealing  with  heavy  ingots 
some  charging  mechanism  is  essential.  When  the  furnaces 
are  in  line  a  Wellman  charger  may  be  used,  in  which  the 
charging  bar  is  provided  with  an  appliance  for  gripping 
the  ingots  (Fig.  45).  Locomotive  cranes  of  the  ordinary 
type  are  sometimes  used,  the  ingot  being  swung  from  the 
crane  to  the  door  of  the  furnace  and  then  pushed  in  by 
hand  labour,  or  locomotive  cranes  provided  with  a  grip- 
charging  mechanism  have  been  introduced. 
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Fig.  65. — Section  of  Gras-fired  Soaking  Furnace. 
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Fig".  66. — Plan  of  Gas-fired  Soaking:  Furnace. 


With  furnaces  intended  for  the  heating  of  partially 
rolled  slabs  the  furnaces  are  sometimes  arranged  in  a 
circle,  and  a  rotating  crane  is  used.  The  circle  of  fur- 
naces is  so  placed  that  the  ingot  can  be  taken  by  the 
crane  from  the  end  of  the  roughing  rolls  and  put  into  the 
furnace,  and  then,  when  it  is  taken  from  the  furnace, 
delivered  to  the  finishing  rolls.  An  electric  slab  charger 
for  reheating  the  furnaces  is  shown  in  Fig.  63. 

Soaking  Pits. — When  the  ingot  is  stripped  it  is  still 
hot,  and,  though  the  surface  will  have  partially  cooled, 
the  interior  will  be  very  hot,  perhaps  even  liquid, 
and  if  the  heat  of  the  ingot  could  be  redistributed  uni- 
formly through  it,  it  would  be  quite  hot  enough  to  be 
rolled  and  the  reheating  could  be  dispensed  with.  This 
was  achieved  by  the  soaking  pit,  which  was  introduced  by 
Mr.  Gjers  in  1882,  and  which  very  soon  became  general. 
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The  soaking  pit  is  a  brick-lined  cavity  a  little  larger 
than  the  ingot  it  is  to  contain,  provided  with  a  well- 
fitting  cover.  The  pits  are  always  arranged  in  series.  A 
hot  ingot  is  put  into  the  soaking  pit  (Fig.  64),  and  by 
radiation  it  heats  the  brickwork.  This  ingot  is  taken  out 
and  replaced  by  another  until  the  pit  is  hot  enough,  these 
ingots,  of  course,  being  reheated  in  the  furnace.  When 
the  pit  is  hot  an  ingot  is  put  in  and  left  till  it  is 
thoroughly  soaked — i.e.  till  the  heat  is  uniformly  distri- 
buted— when  it  is  taken  out  and  sent  to  the  rolls  and 
another  ingot  put  in  its  place. 

The  soaking  pit  answers  perfectly  where  there  is  a 
regular  and  continuous  supply  of  ingots  of  fairly  uniform 
size,  but  this  is  not  often  the  case,  and  if  the  supply  of 
ingots  be  intermittent  the  pit  may  get  too  cool  to  be 
efficient. 

Vertical  Soaking  Furnace. — The  soaking  pit  in  its 
simple  form  is  now  generally  abandoned,  or,  rather,  it 
has  been  modified  into  a  vertical  soaking  furnace  (Figs.  65 
and  66).  This  is  a  chamber,  placed  below  the  level  of  the 
ground,  capable  of  holding  12,  20,  or  any  other  number  of 
ingots,  and  having  an  opening  at  the  top  for  each  ingot 
space,  provided  with  suitable  covers.  At  each  end  is  a 
pair  of  regenerators  by  which  gas  and  air  can  be  heated 
and  passed  on  into  the  furnace.  By  this  means  the  tem- 
perature can  be  regulated  as  required,  gas  being  used  to 
make  up  for  any  deficiency  in  the  heat  of  the  ingots.  The 
ingots  are  lowered  vertically  into  the  furnace  by  a  crane, 
and  are  lifted  out  again  by  the  same  means. 

Position  of  Soaking  Furnaces. — The  soaking  furnaces 
should  be  so  placed  that  the  ingots  can  be  lifted  directly 
from  the  casting  pit  into  them,  and  from  them  to  the  rolls, 
so  that  the  ingots  may  have  as  little  time  to  cool  as  possi- 
ble. Suitable  mechanism  must  also  be  provided  for 
quickly  lifting  and  replacing  the  covers. 


CHAPTER   X. 

THE   CBMBNTATIOH    AND   MINOR    STEEL   PBOCBSSES. 

The  cemoDtatioQ  process  is  one  of  the  oldest  of  the  steel- 
making  processes,  it  having  been  in  use  in  Sheffield  for 
nearly   two  centuries.     Its  origin    is  unknown,   and  Dr. 


Vig,  67, — View  of  Cementation  Furnace. 

Percy  states  that  a  good  description  was  given  by  Reau- 
mar  in  1723. 

Principle. — When  iron  ia  heated  in  contact  with  char- 
coal at  a  welding  temperature,  carbon  is  slowly  absorbed, 
BO  that  the  iron  becomes  converted  into  steel. 

The  Process. — The  process,  as  now  carried  out,  differs 
little  from  that  in  use  a  century  or  more  ago.  The  pots 
in  which  the  conversion  takes  place  are  made  of  stone 
or  fire-clay  slabs.  They  arc  usually  about  4  ft.  wide, 
3  ft.  deep,  and  12  to  15  ft.  in  length.  Two  pots  are  used 
in  each   furnace,    and  these  arc   placed   parallel   one  on 
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each  side  of  the  fireplace,  and  are  supported  on  bricks, 
so  as  to  allow  a  free  circulation  of  air  under  and  round 
them,  and  space  is  left  between  the  outer  wall  of  the  pot 
and  the  side  of  the  furnace.    The  furnace  is  covered  with 


Fig.  68. — Cementation  Furnace  (Sectional  Elevation). 

an  arched  roof,  through  which  are  left  openings  for  the 
cBcapo  of  the  products  of  combustion,  and  the  whola  is 
usually  packed  with  earth,  so  as  to  retain  as  much  heat 
as  possible.  The  furnace  proper  Is  surrounded  by  an  outer 
wall  with  a  conical  chimney  or  stack  to  carry  off  the  pro- 
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ducte  of  combustion  (see  Figs.  67  and  66).  An  opening  is 
left  above  the  fire-door  by  which  men  can  enter  to  charge 
and  discharge  the  pots,  which  is  bricked  up  when  the 
furnace  is  at  work,  and  a  square  hole  is  made  through  the 
end  of  each  door  and  &  corresponding  hole  through  the 
outer  masonry  by  which  a  trial  bar  can  be  inserted  and 
withdrawn. 

Oharcoal  is  broken  up  and  sifted  through  a  riddle  of 
J-in.  mesh  so  as  to  separate  dust,  and  a  layer  of  the  smaJl 
charcoal  is  spread  on  the  bottom  of  each  pot.  On  this  is 
laid  a  layer  of  malleable  iron  bars,  then  another  layer  of 
charcoal,  then  another  layer  of  bars,  and  so  on  till  the 
pot  is  full.     The  pots  must  now  be  covered  air-tight,  and 


Fig.  6«.~Section  of  BliBter  Steel— Shear  Heat. 

for  this  purpose  some  material  must  be  used  which  will 
not  be  fusible  nor  crack  at  the  high  temperature  to  which 
it  will  be  exposed.  The  material  used  in  Sheffield  is  the 
mixture  of  fine  particles  of  steel  and  sand  from  the  grind- 
stones, which  is  obtained  in  grinding  steel  articles,  such  as 
blades,  etc.,  and  which  is  known  as  wheelswarf.  This  is 
spread  over  the  top  of  the  pot.  As  the  temperature  rises 
the  iron  oxidises,  and  the  oxide  combines  with  the  silica 
of  the  sand,  fritting  the  whole  into  a  solid  mass  which  is 
quite  impervious  to  air. 

As  soon  as  the  pots  are  charged  the  fire  is  lighted, 
and  the  temperature  is  brought  up  to  welding  temperature 
in  about  two  days,  very  gradual  heating  being  necessary, 
as  the  pots  must  bo  heated  through,  and  it  is  important 
not  to  have  the  outside  much  hotter  than  the  inside.  The 
temperature  is  then  steadily  maintained  for  the  required 
time,  which  may  be  anything  from  a  few  days  to  a  fort- 
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night  or  more,  according  to  the  amount  of  carbon  it  is 
desired  to  impart  to  the  bars.  The  condition  of  the  charge 
is  judged  by  withdrawing  the  trial  bar,  breaking  off  the 
end,  and  examining  the  fracture.  The  furnace  is  then 
let  cool,  and,  when  cool  enough,  workmen  enter  and  un- 


Fig:.  70.— Fracture  of  Blister  Steel— Spring  Heat. 

pack  the  pota.  The  whole  process  occupies  somewhere  . 
about  three  weeks,  and  fifteen  or  sixteen  charges  can  be 
worked  in  each  furnace  per  year,  and  the  life  of  each  pot 
will  be  from  twenty  to  forty  heats. 

The  Products.— The  bar  iron  will  be  found  to  have 


Fig.  71.— Fracture  of  Blister  Steel— Melting  Heat. 


undergone  several  changes,  (l)  It  will  have  increased  in 
weight ;  (2)  the  surface  of  the  bar,  which  was  quite  smooth 
when  the  bars  were  put  in,  is  now  covered  with  blisters, 
sometimes  a  large  number  of  very  small  blisters,   some- 
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times  a  larger  number  of  larger  ones;  (3)  the  appearance 
of  the  fracture  will  have  become  changed,  and  it  will 
be  found  that  it  varies  according  to  the  extent  to  which 
carburisation  has  been  carried  (see  Figs.  69  to  71). 

Classification  of  Steel, — Seven  grades  are  made,  which 
are  numbered  1  to  6,  the  last  grade  usually  not  being 
given  a  number  :— 


No.  1. 
No.  2. 
No.  3. 
No.  4. 
No.  5. 
No.  6. 
No.  7. 


J  per  cent.  C. 


))  II 

11  II 


1 

^3       II  11 

double  cemented 


spring  heat, 
country  heat, 
single  shear  heat, 
double  shear  heat, 
steel  through  heat, 
melting  heat. 


Intermediate  grades  are  also  made,  and  steel  higher 
in  carbon  than  No.  7  is  occasionally  made  for  special 
purposes.  No.  1  is  now  rarely  made  by  cementation, 
since  it  can  be  made  more  cheaply  by  the  open-hearth 
process. 

The  carburisation  takes  place  in  the  bars  from 
without,  inwards,  so  that  the  bar  when  broken  will,  if 
the  carburisation  has  not  gone  too  far,  show  an  inner 
core  or  sap.  of  unaltered  malleable  iron,  and  an  outer 
layer  of  more  finely  crystalline  steel.  In  No.  1  only  the 
outer  skin  is  converted;  in  No.  2  the  layer  of  steel  is 
more  distinct,  or  the  sap  is  more  killed.  When  double 
shear  heat  is  reached  the  thickness  of  steel  is  about 
equal  to  that  of  the  sap,'  and  when  steel  through  heat 
is  reached  the  sap  has  disappeared.  With  further  cementa- 
tion the  size  of  the  crystals  of  the  steel  gradually  increases, 
until  in  some  cases  the  facets  stretch  right  across  the  sur- 
face. There  should  be  no  sharp  line  of  demarcation  between 
the  sap  and  the  steel,  but  the  two  should  verge  one  into 
the  other  so  that  it  is  difficult  to  tell  exactly  where  the 
one  ends  and  the  other  begins.  A  sharp  line  of  demar- 
cation indicates  that  the  action  has  been  too  rapid. 

If  the  pots  or  the  covering  crack  and  air  finds  access, 
the  charcoal  is  burnt  away,  and  the  bars  which  are  ex- 
posed to  the  air  become  rough  and  oxidised  on  the  surface, 
and  the  carbon  near  the  surface  is  burnt  away  so  the  outer 
skin  is  of  iron,  and  is  therefore  tough.  The  surface  of  the 
bar  being  covered  with  magnetic  oxide  of  iron,  its  tendency 
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to  rust  is  diminished,  and  even  a  slightly  aired  bar  can 
thus  be  detected.  If  the  temperature  be  too  high,  the 
surface  of  the  bars  may  melt,  and  they  are  then  said 
to  be  glazed,  and  instances  have  been  "  handed  down  by 
tradition  in  Sheffield  of  unskilful  converters  who  had 
heated  the  furnace  under  their  charge  to  such  a  degree 
that  the  whole  mass  of  iron  and  charcoal  had  been  fused 
together,  and  the  end  of  the  furnace  had  to  be  taken  out 
to  remove  the  contents.*' 

Theory  of  the  Process. — Several  views  have  been  held 
as  to  how  the  carbon  is  transferred  into  the  steel.  Among 
them  are  the  following  : — 

(1.)  The  Gaseous  Diffusion  Theory. — The  iron  is  not 
embedded  in  solid  carbon,  but  in  carbon  with  large 
air  spaces.  This,  indeed,  would  be  the  case  if  so- 
called  solid  charcoal  could  be  used,  because  charcoal 
is  very  porous,  and  a  large  proportion  of  its  bulk 
is,  therefore,  air  spaces.  As  the  temperature  rises 
the  oxygen  of  the  air  combines  with  the  carbon  and 
carbon-monoxide  is  formed,  so  that  the  iron  is  surrounded 
by  an  atmosphere  of  nitrogen  and  carbon-monoxide.  This 
then  diffuses  into  the  iron,  but  as  the  carbon-monoxide 
comes  in  contact  with  the  iron,  carbon  is  deposited  and 
carbon-dioxide  is  formed,  which  then  diffuses  and  so 
finds  it  way  out.  Thus  there  will  be  a  double  stream  of 
diffusion — carbon-monoxide  inwards,  carbon  dioxide  out- 
wards. Carbon-dioxide  is  an  oxidising  agent,  and  may 
oxidise  out  carbon  already  deposited,  and  so  for  any 
given  point  a  position  of  equilibrium  will  be  reached,  and 
then  the  carburisation  will  go  on  inwards  till  the  whole 
bar  is  converted. 

(2.)  Solution, — The  carbon  may  diffuse  into  the  iron 
just  in  the  same  way  as  sugar  or  salt  solution  will  diffuse 
into  water. 

(3.)  Professor  Arnold  holds  that  the  carbon  combines 
with  the  iron  at  the  surface  and  forms  definite  carbides 
which  diffuse  into  the  metal,  first  a  carbide  having  the 
formula  Fe24C,  which  contains  about  '9  per  cent,  of 
carbon,  and  afterwards  the  carbide  Fe^C. ;  and  that  the 
former  carbide  is  formed  and  diffuses  at  about  750OC., 
while  the  latter  is  not  formed  till  about  950°C.,  so  that  if 
a  bar  were  cemented  at  about  800°C.,  it  should  be  im- 
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possible  to  make  it  take  up  more  than  *9  per  cent,   of 
carbon. 

It  has  been  conclusively  proved  that  the  presence  of 
air  is  not  essential,  but  that  if  a  steel  containing  carbon 
be  heated  in  contact  with  iron  or  nearly  carbon-free 
steel,  the  carbon  will  diffuse  and  thus  tend  to  equalise 
its  distribution. 

The  Blisters, — The  blisters  are  hollow  and  frequently 
contain    minute    fragments    of   silica  and   other    foreign 
matter.     They  occur  only  at  the  surface,  there  being  no 
corresponding  cavities  in  the  body  of  the  bar,  and  are 
undoubtedly  due  to  the  evolution  of  gas.     The  bar  iron 
is   never   perfectly   homogeneous,    but   contains   scattered 
through  it  fragments  of  oxide  of  iron  and  ferruginous 
slag  ("  Iron,"  p.  17),  and  it  is  the  reduction  of  the  oxide 
in   these   particles  that  gives   rise   to   the   blisters.    The 
reduction  cannot  be   brought  about  by  diffused  carbon- 
monoxide,  since  the  carbon-dioxide  formed  in  that  case 
occupies  the  same  volume  as  the  carbon-monoxide,   and 
therefore  there  could  be  no  increase  in  volume  such  as 
would  be  sufficient  to  produce  the  blister.     If,  however, 
the  reduction  is  brought  about  by  solid  carbon,   either 
deposited  by  the  decomposition  of  carbon-monoxide,   by 
direct  diffusion,  or  in  the  condition  of  carbide,  gas  would 
be  evolved  which  would  occupy  an  enormously  greater 
volume  than  that  of  the  solid  reducing  agent.     If  the  re- 
duction takes  place  in  the  centre  of  the  mass  the  pressure 
will  not  be  sufficient  to  form  a  cavity,  but  the  gas  will 
remain  compressed  until  it  can   diffuse   away.     If,   how- 
ever, it  be  liberated  near  the  surface,  the  strength  of  the 
thin  skin  of  metal  above  will  not  be  sufficient  to  retain 
it,  and  a  blister  will  be  formed. 

A  large  number  of  small  blisters  evenly  distributed 
is  held  to  indicate  a  good  steel,  whilst  fewer  large  blisters 
indicate  an  inferior  quality.  If  the  iron  from  which  the 
steel  is  made  has  been  well  worked,  the  particles  of  slag 
and  oxide  will  be  broken  up  and  well  distributed,  but  if 
the  working  has  been  insufficient,  the  particles  will  be 
large  and  more  scattered,  and  the  blisters  will  corre- 
spond to  the  distribution  of  the  slag  and  oxide.  When 
mild  steel  which  contains  no  slag  is  used  there  are 
no  blisters. 
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Ttie  DfaterialB. 

The  CAorcooZ. ^Charcoal  from  hard  wood  ia  preferred 
but  ia  not  esBential ;  birch  ia  used  for  its  production  in 
Sweden,  beech  in  Rhenish  Pruaaia,  and  oak  in  England. 
The  charcoal  is  aifted  before  it  is  used,  and  the  old 
charcoal  is  re-used. 

The  Iron. — The  beat  bar  iron  obtainable  is  used,  and 
for  cementation  it  is  uaually  rolled  into  bara  about  3  in. 
wide  and  i  in.  thick;  the  larger  the  bar  the  longer  does 


Fig.  72. — Hammering  Shear  Steel. 

cementation  take.  The  highest  quality  of  cement  bar 
is  made  from  the  best  Swedish  iron  made  by  the  Walloon 
process  (see  "  Iron,"  p.  191),  and  hammered  bars  are  pre- 
ferred to  those  obtained  by  rolling. 

Attempta  have  been  made  to  prepare  steel  from  bars 
rolled  from  ingot  metal,  made  by  the  Siemens  process,  but 
though  Buch  metal  is  much  more  pure  than  the  ordinary 
bar  iron  used,  the  steel  obtained  is  said  to  be  of  inferior 
quality. 

Shear  Steel. — The  cement  bar  is  not  sufficiently  homo- 
geneous for  use.     It  must  be  made  so  cither  by  a  process 
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of  hammering  or  rolling  similar  in  principle  to  that  used 
with  malleable  iron,  or  it  must  be  melted  and  caet. 

For  the  former  process  the  bars  are  cut  up  into  suit- 
able lengths ;  six  pieces  are  piled  together  into  a  "  fag- 
got "  bound  with  wire  at  one  end,  or  the  one  end  ia 
surrounded  by  an  iron  hoop  into  which  the  bars  are 
wedged  (see  Fig.  70).  The  free  end  is  covered  with  pow- 
dered clay  and  borax^  is  heated  to  welding  heat  in  a  fire, 
and  hammered  into  a  bar  under  a  steam-hammer  (see 
Fig.  72).  When  the  forged  end  is  cold  the  wire  or  ring  is 
removed  from  the  free  end,  and  it  is  heated  and  welded 
so  that  the  six  bars  are  hammered  down  into  one.     The 


Fig.  73. — Harvejiaing  Sprinkler 

steel  is  then  called  single  shear  steel.  If  greater  homo- 
geneity ia  required  the  process  is  repeated,  the  single 
shear  bars  are  cut  up  and  welded,  and  then  form  double 
shear  steel. 

The  clay  and  borax  to  a  large  extent  protect  the  metal 
from  oxidation,  but  some  carbon  is  usually  burnt  out 
at  the  surface. 

CaBe-haidenlng. — Closely  related  to  cementation  is  the 
process  of  caac-hardcning,  by  which  a  hard  surface  is 
given  to  articles  of  malleable  iron  or  mild  steel.  The 
articles  to  be  case-hardened  are  packed  with  charcoal  in 
an   iron   box,    and   heated   to   welding  temperature   in    a 
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suitable  furnace.  The  time  required  will  vary  according 
to  the  size  of  the  article  and  the  depth  of  steel  required 
from  two  or  three  hours  up  to  a  day.  As  the  surface  is 
usually  required  to  be  hard,  the  articles  on  removal  from 
the  box  are  quenched  in  water  or  oil,  the  charcoal  being 
at  the  same  time  floated  away.  If  no  oxidation  is  per- 
mitted the  article  will  remain  bright,  but  if  it  is  exposed 
to  the  air,  it  will  become  tinted.  Very  small  articles  are 
case-hardened  by  heating  with  a  layer  of  ferro-cyanide 
of  potassium,  or  other  substance  containing  nitrogen  and 
carbon.  The  only  essential  for  the  case-hardening  seems 
to  be  carbon,  but  many  workers  prefer  to  use  charred 
leather  or  other  organic  materials  containing  nitrogen. 

For  making  "  mild  centered  steel  *'  for  pump  rods  and 
other  purposes,  rods  of  very  mild  steel  are  heated  for 
some  hours  in  chests  or  boxes  surrounded  by  charcoal. 

Harveyising. — The  process  of  Harvey ising  used  for 
hardening  armour  plates  is  the  same  in  principle  as 
cementation  or  case-hardening.  The  surface  of  the  plate 
is  planed  smooth.  It  is  then  lifted  on  to  a  car  which  can 
be  drawn  in  or  out  of  the  furnace  by  means  of  hydraulic 
gearing.  The  top  of  the  car  is  covered  with  several  layers 
of  fire-brick  in  which  flues  are  built,  on  this  the  plate  is 
placed  planed  side  upwards;  on  this  is  spread  a  layer  of 
powdered  charcoal,  and  then  a  second  plate,  planed  side 
downwards,  is  put  on  so  that  the  two  plates  are  separated 
by  the  layer  of  charcoal.  (Fig.  73,  Harveyising  Sprinkler.) 
Walls  of  brick  are  built  up  all  round,  and  the  plates 
are  covered  with  a  layer  of  sand.  The  car  is  then 
run  into  the  furnace,  the  doors  are  closed  and  luted  air- 
tight. The  heat  of  the  furnace  is  gradually  brought  up 
to  welding  temperature,  and  is  maintained  at  that  for 
about  a  fortnight.  The  carburisation  seems  to  be  facili- 
tated by  the  weight  of  the  upper  plate  pressing  the 
charcoal  into  contact  with  the  surfaces  to  be  hardened. 
The  plates  are  allowed  to  cool  in  the  furnace,  and  are 
then  withdrawn. 

Any  work  that  may  be  required,  such  as  drilling  holes, 
bending,  etc.,  is  done  before  the  plate  is  hardened. 

For  hardening,  the  plates  are  heated  to  redness  in  a 
gas-fired  furnace,  then  drawn  out  and  cooled  by  means 
of  jets  of  water  made  to  play  on  both  sides  of  the  plate 
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so  as  to  cool  it  as  quickly  as  possible,  or  in  some  cases  the 
plates  may  be  hardened  by  dipping  in  water  or  oil. 

Minor  Processes. 

Wootz  is  the  name  applied  to  a  hard  Indian  crucible 
steel,  prepared  by  melting  about  1  lb.  of  malleable  iron 
with  charcoal  in  small  fire-clay  crucibles,  which  are  heated 
in  a  kind  of  blast-furnace.  About  10  per  cent,  of  fine- 
chopped  wood  from  the  leaves  and  stems  of  the 
Cassia  auriculata  is  added  to  the  metal  in  the  crucibles, 
while  the  surface  of  the  charge  is  then  covered  over  with 
green  leaves  of  the  Asclepis  gigantea,  and  the  crucible  is 
covered  either  with  wetted  clay  or  with  a  lid  luted  on  to 
the  pot.  From  twenty  to  twenty-four  of  the  crucibles  are 
charged,  and  are  then  packed  into  a  small  hearth  supplied 
with  blast  by  two  pairs  of  bellows,  to  which  the  fuel 
(charcoal)  is  introduced  as  required.  After  heating  for 
from  two  to  three  or  four  hours,  the  whole  is  allowed 
to  cool  down,  the  crucibles  are  removed,  and  the  button 
or  small  cake  of  metal  collected  in  the  bottom  of  each 
is  removed  by  breaking  the  crucible.  The  cakes 
so  obtained  are  afterwards  heated  for  several  hours 
before  the  blast  in  a  charcoal  fire,  whereby  they  are 
raised  almost  to  a  welding  heat,  and  are  finally  drawn 
down  into  bars  of  steel,  which  are  usually  very  hard  in 
temper,  and  require  considerable  care  in  working. 

Steel  made  by  this  process  is  of  very  uncertain  com- 
position. 

Puddled  steel  is  the  product  of  a  decarburisation 
method  conducted  in  a  puddling  furnace,  identical  in 
many  respects  with  that  employed  for  the  puddling  of 
malleable  iron,  and  the  procedure  observed  in  the  pro- 
duction of  puddled  steel  is  also  similar  to  that  followed 
where  malleable  iron  is  being  prepared.  The  production 
of  puddled  steel  was  somewhat  extensively  carried  on 
upon  the  Continent,  but  has  now  been  completely  aban- 
doned. 

The  furnace  employed  for  the  preparation  of  puddled 
steel  differs  from  the  puddling  furnace  already  described 
("  Iron,''  p.  192)  in  having  a  smaller  bed,  although  the 
grate,  flue,  and  chimney  areas  are  the  same ;  or,  in  other 
words,  the  proportion  between  the  area  of  the  grate-bars. 
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etc.,  to  that  of  the  bed  is  made  greater  when  steel  is  to 
be  produced ;  also  the  depth  of  fuel  upon  the  bars  is  in- 
creased by  the  addition  of  a  few  inches  to  the  height  of  the 
fire-bridge,  whereby  a  greater  control  over  the  nature  of 
the  flame  is  possible,  and  a  non-oxidising,  neutral,  or  re- 
ducing flame  is  more  readily  obtained. 

The  furnace  charge  usually  consists  of  from  3  to  4 
cwts.  of  pig  iron  rich  in  carbon  and  manganese.  The 
charge  is  broken  up  into  fragments  of  a  tolerably  uniform 
size,  and  is  spread  evenly  over  the  bed  of  the  furnace, 
where  the  whole  is  then  melted  down  as  rapidly  as  pos- 
sible to  prevent  unnecessary  oxidation.  During  the  melt- 
ing-down stage,  lasting  from  forty  to  fifty  minutes,  the 
temperature  of  the  furnace  is  kept  higher  than  in  the 
ordinary  puddling  operation,  so  that  on  the  completion 
of  this  stage  the  whole  should  be  perfectly  fused,  and 
well  covered  with  a  fluid  slag.  The  oxidation  of  the 
carbon  and  the  uniformity  of  the  product  are  largely  in- 
fluenced by  the  condition  of  the  slag,  and  hence  the 
necessity  in  this  process  of  usin^  a  manganifejous  pig 
iron,  since  the  manganese,  whilst  contributing  to  the 
fluidity  of  the  cinder,  also  diminishes  its  decarburising 
influence.  At  the  conclusion  of  the  melting-down  period 
the  damper  is  closed,  and  the  temperature  reduced  so  as 
to  prevent  the  fining  from  going  on  with  too  great 
rapidity ;  but,  as  the  charge  thickens  and  rises,  the 
damper  is  carefully  raised  to  keep  the  charge  fluid,  while 
repeated  and  vigorous  stirring  or  rabbling  of  the  charge 
beneath  the  fluid  cinder  is  effected,  and  after  from  thirty 
to  forty  or  fifty  minutes  floating  granules  of  metal  begin 
to  appear,  and  the  boiling  stage  ensues,  whereupon  the 
chimney  damper  is  again  closed,  and  the  hearth  is  filled 
thereby  with  a  non-oxidising  atmosphere  and  flame 
which  prevent  the  decarburisatlon  of  the  charge  from 
proceeding  with  too  much  rapidity.  The  temperature  of 
the  furnace  gradually  falls  during  the  boiling  stage,  and 
during  this  period  also,  and  more  especially  towards  the 
close  of  the  process,  a  poor,  very  fluid,  and  but  slightly 
oxidising  slag  is  required,  since,  if  the  slag  be  too  viscous 
and  highly  oxidising,  then  the  decarburisation  of  the 
charge  proceeds  with  too  great  rapidity,  and  the  quality 
of  the  product  is  deteriorated. 


lU  STEEL. 

Throughout  the  boiling  and  fining  stage  the  ssbxne 
state  of  effervescence  or  ebullition  due  to  the  escape 
of  carbon-monoxide  from  the  bath  of  metal,  is  observed. 
The  appearance  of  the  particles,  or  granules  of '  metal 
brought  to  the  surface  of  the  cinder  or  slag  during  the 
rabbling  of  the  boiling  stage,  indicates  the  progress  of  the 
process,  as  w.ell  as  the  nature  and  quality  of  the  final 
product ;  for  when  the  furnace  is  working  satisfactorily, 
the  granules  appear  brilliant  in  lustre,  white  and  gran- 
ular, yielding  probably  a  fine-grained  steel  of  good 
quality;  but  if  the  particles  are  coarsely  granular  and 
flaky,  then  the  steel  is  usually  coarsely  granular,  imper- 
fectly refined,  and  of  inferior  quality. 

The  boiling  and  fining  stage  usually  occupies  from 
twenty  to  twenty-five  minutes,  after  which  the  "  balling  " 
of  the  charge  commences ;  this  is  an  operation  demanding 
care  and  practical  skill  on  the  part  of  the  workman,  and 
according  to  requirements  the  charge  is  either  all  balled 
at  once  into  a  single  ball,  or  it  is  divided  into  smaller 
portions  or  balls. 

The  balling  of  the  charge  is  effected  with  the  damper 
down,  and  the  furnace  is  thus  filled  with  a  non-oxidising, 
smoky  flame,  so  that  all  decarburisation  is  stopped  during 
this  stage  of  the  process,  and  the  temperature  is  also  kept 
lower  than  during  the  corresponding  period  in  the  pud- 
dling for  malleable  iron. 

The  shingling  of  the  puddled  balls  is  effected  as  quickly 
as  possible,  and  at  a  lower  temperature  than  that  em- 
ployed in  the  shingling  of  the  puddled  balls  of  malleable 
iron ;  but  more  care  is  required  in  the  earlier  stages 
of  the  shingling  or  hammering  of  the  metal,  especially  if 
the  temper  of  the  steel  be  hard,  since  the  puddled  balls 
are  not  so  solid,  and  hence  require  lighter  blows  at  the 
commencement  than  are  permissible  when  the  product  is 
malleable  iron. 

The  chemical  reactions  involved  in  the  puddling  of 
steel  are  essentially  the  same,  or  are  strictly  analogous 
to  those  already  detailed  as  occurring  in  the  puddling 
furnace  for  the  production  of  malleable  iron.  Puddled 
steel  shows  a  considerable  decrease  in  the  proportion  of 
the  carbon,  sulphur,  phosphorus,  silicon,  and  manganese 
present  in  the  pig  iron  from  which  it  is  produced,  as  is 
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indicated  by  the  accompanying  analyses,  published  by 
Schelling,  of  the  original  pig  iron,  the  steel  puddled  there- 
from, and  of  the  slags  produced  during  the  process,  as 
carried  on  in  a  gas-furnace  at  Zorge,  in  the  Hartz,  work- 
ing upon  a  mixture  of  white  with  grey  pig  iron. 

Analyses  of  Fia-iRox,  Puddled  Steel,  and  Slags  from  the 

Puddling  Furnace. 
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The  process  is  conducted  much  in  the  same  way  as  the 
puddling  process  for  iron,  except  that  for  the  production 
of  puddled  steel  the  decarburisation  or  fining  of  the  pig 
iron  is  effected  more  slowly  and  less  completely  than  in  pig- 
boiling;  thus  the  process  for  the  production  of  puddled 
steel  lasts  from  one  hour  and  fifty-five  minutes  to  two 
hours  and  fifteen  minutes,  permitting  of  only  five  or  six 
charges  being  worked  off  during  the  twelve  hours.  The 
consumption  of  fuel  reaches  to  25,  30,  or  35  cwt.  of  coal 
for  the  production  of  a  ton  of  puddled  steel.  The  loss  of 
weight  between  the  puddled  steel  bar  and  the  original 
pig  iron  is  between  6  and  9  per  cent.,  or,  as  might  be  ex- 
pected, slightly  less  than  when  malleable  iron  is  produced. 

The  slag  or  cinder  from  the  puddling  of  steel  is  more 
fluid,  is  less  rich  in  iron,  and  is  consequently  less  decar- 
burising  than  the  cinder  occurring  in  the  corresponding 
stages  of  the  puddling  of  malleable  iron.  For  maintain- 
ing this  condition  of  the  slags  such  materials  as  quartz, 
clay,  mill-cinder,  poor  slags,  etc.,  are  added  to  the  furnace 
during  the  melting-down  stage;  and  for  still  further 
promoting  the  fluidity,  etc.,  of  the  cinder,  black  oxide  of 
manganese  is  sometimes  added  before  balling  up  the 
metal. 
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Styrian  Process.— In  Styria,  steel  which  has  a  very 
high  reputation  is  still  made  by  a  hearth  process. 

The  ore  used  is  the  spathic  ore  of  the  Erzgebirge,  which 
consists  essentially  of  ferrous-carbonate,  containing  about 
4  per  cent,  of  manganese,  and  about  0*057  of  phosphoric- 
anhydride  (P2O5). 

The  ore  is  smelted  in  small  blast  furnaces,  charcoal 
being  the  fuel  used,  and  a  white  iron,  low  in  silicon  and 
phosphorus,  is  produced,  which  is  cast  into  thin  plates. 

A  small  hearth  about  29  in.  long  by  20  in.  broad,  the 
sides  being  made  of  iron  blocks,  is  used.  The  blast  is 
supplied  at  one  end  of  the  hearth,  and  is  directed  down- 
wards at  an  angle  of  25°  to  26®. 

A  layer  of  charcoal  is  put  in  the  hearth,  levelled  and 
stamped  down,  a  layer  of  hammer  slag  is  thrown  on,  and 
the  hearth  is  filled  up  with  charcoal,  which  is  lighted 
and  the  blast  put  on.  As  soon  as  it  is  hot  the  bloom  of 
steel  from  the  preceding  operation,  which  weighs  154'2 
lb.,  is  put  in  the  fire  and  heated,  and  when  this  is  hot 
enough  it  is  removed  and  hammered  into  a  bar,  and  while 
still  red-hot  is  thrown  into  a  tank  of  water  to  harden  it. 

The  plates  of  pig  iron  are  broken  up  and  made  into  a 
pile  li  to  2  in.  in  thickness,  weighing  about  132  lb.  The  pile 
is  held  in  tongs,  supported  by  a  chain,  over  the  fire  at  the 
end  of  the  hearth  furthest  from  the  blast.  It  is  thus  gently 
heated,  and  is  moved  forward  toward  the  blast,  where  it 
is  melted.  In  the  meantime,  a  second  pile  is  introduced 
at  the  far  end,  and  is  gradually  pushed  forward.  As  soon 
as  the  iron  is  all  melted  the  slag  is  tapped  off  and  a  shovel- 
ful of  wet  slag  is  thrown  in  to  reduce  the  temperature. 
This  chills  the  steel  so  that  it  can  be  broken  up  into 
blooms,  which  are  hammered  out  and  broken  up  into 
smaller  bars. 

The  charge  of  pig  is  about  2  cwt.,  the  operation  takes 
three  hours,  and  the  production  is  about  7  cwt.  in  a  day 
of  twelve  hours. 

The  chemistry  of  the  process  is  very  simple.  Oxida- 
tion is  brought  about  by  the  air,  and,  as  the  amount  of 
oxidisable  impurities  is  small,  the  oxidation  is  nearly 
complete  by  the  time  the  metal  is  melted.  As  the  amount 
of  carbon  left  is  somewhat  uncertain,  the  bars  are  broken 
and  carefully  assorted  by  the  fracture. 
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Direct  ProceBseH.— Many  attempts  have  been  made  to 


Fig.  74.— Heronlt  Electric  Smelting  Fnrnace. 

prepare  steel  by  the  reduction  of  iron  ores  in  presence  of 
carbon,  but  though  they  have  been  used  in  many  parts  of 
the  world  they  have  not  been  very  Bucoessful,  as  it  is 
impossible  to  ensure  uniformity  of  composition.  The 
method,  no  longer  used,  though  varied  in  detail,  haa 
always  been  to  reduce  the  ore  in  hearths  at  a  moderate 
temperature  by  means  of  charcoal,  and  to  retain  the  re- 
duced iron  for  some  time  in  contact  with  the  carbon,  or  to 
heat  the  ore  or  a  pure  oxide  in  crucibles  with  charcoal. 
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Electrical  PTOcesfiea.— Several  electrical  processes  of 
steel  making  havo  recently  been  suggested.  The  process 
usually  consists  of  melting  pig  iroD  scrap  and  ore 
exactly  as  in  the  open-hearth  process,  but  using  elec- 
tricity as  the  source  of  heat  instead  of  the  combustion 
of  producer  gas  (Figs.  74  and  75).  In  the  Heroult 
process  the  furnace  used  is  a  small  tilting  open-hearth 
furnace,    through    the    roof    of    which    two    large    water- 
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jacketed  carbons  are  passed.  The  current  passes  from 
one  of  these  carbons  to  the  bath  of  metal,  and  then 
from  the  bath  of  metal  to  the  other,  in  each  case  through 
a  short  air-gap.  The  furnace  has  a  capacity  of  4  tons, 
and  takes  an  alternating  current  of  4,000  ampferea  at  110 
volts.  The  energy  consumed  is  from  01  to  0153  electrical 
horse-power  per  2,000  lb.  of  steel.  At  present  the  process 
has  only  been  worked  upon  a  small  scale,  and  is  little 
known  beyond  the  experimental  stage.  It  may,  however, 
come  into  use  in  the  future. 
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Crucible    Cast   Steel.— Shear  steel  is  always,  necessarily 
from  its  mode  ofr-  production,  more  or  less  irregular  in 

composition,    and  many  attempts  were  made  to  prepare 


Fig.  7*i.— Making  Cracible?. 

a.  more  homogeneous  metal  by  the  fusion  of  cement  bar 
in  crucibles.  The  difficulties  were  overcome  by  Hunts- 
man, who  started  huHiness  in  Sheffield  as  a  manufacturer 
of  crucible  cast  steel  in  ITTO. 

Frinciple. — The  melting  of  the  steel,  of  course,  pre- 
sented no  difficulty,  but  the  castings  obtained  were  un- 
sound, being  full  of  blowholes.  Huntsman  found  that 
by  keeping  the  steel  molten  in  the  crucible  for  some  time, 
or  "  killing  "  it,  the  unsoundness  disappeared  and  good 
castings  could  be  obtained. 
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The  Crucibles. — The  steel  is  melted  in  crucibles  made 
of  fire-clay,  with  or  without  the  addition  of  cinders  or 
other  material,  and  they  may  be  either  hand  or  machine 
made.  In  some  districts  graphite  crucibles  are  used,  but 
they  have  never  become  general.  The  pots  ordinarily  used 
are  about  13  in.  high  and  9  in.  in  diameter,  and  hold 
56  lb.  of  metal.  These  are  used  three  times,  the  charges 
being  56  lb.,  44  lb.,  and  38  lb. 

Various  mixtures  of  refractory  clay  are  used,  each 
works  usually  having  its  own  formula,  and  the  composi- 
tion is  varied  to  meet  the  varying  requirements.  A  little 
coke  dust  is  added,  but  if  any  considerable  quantity  is 
used  it  tends  to  impart  carbon  and  silicon  to  the  steel. 
The  crucibles  must  be  strong,  so  as  to  resist  the  more  or 
less  rough  handling  to  which  they  are  subjected  in  work 
(Fig.  76). 

The  materials  for  the  batch  of  crucibles — the  various 
clays,  the  coke  dust,  etc. — which  have  been  ground  to  the 
required  fineness,  are  weighed  out  and  thoroughly  mixed 
on  a  suitable  fioor,  water  is  added  so  as  to  bring  the 
mass  to  the  required  consistency,  and  the  whole  is  well 
kneaded  by  treading  with  the  feet  and  turning  with  a 
spade  (Fig.  76),  the  process  being  continued  till  the  mix- 
ture is  perfectly  uniform,  which  will  occupy  three  or  four 
hours,  according  to  circumstances.  The  clay  is  then  cut 
up  into  blocks  or  "  balls,''  each  containing  the  amount 
required  for  one  crucible,  and  this  is  thoroughly  worked 
by  hand  until  all  air  bubbles  are  expelled. 

The  crucibles  are  made  in  a  cast-iron  mould  or  flask, 
the  interior  of  which  has  the  form  it  is  intended  to  give 
the  outside  of  the  pot.  This  stands  on  a  bottom  plate, 
in  the  centre  of  which  is  a  hole.  The  mould  is  well  oiled, 
and  a  ball  of  clay  is  put  in  it.  A  plug  made  of  either 
iron  or  hard  wood,  having  the  form  which  is  to  be  given- 
to  the  interior  of  the  pot  and  with  a  projecting  pin  at 
the  bottom,  is  well  oiled  and  is  then  forced  down  into  the 
clay,  the  pin  fitting  into  the  hole  in  the  bottom  plate, 
keeping  it  well  centred,  and  by  means  of  blows  from  a 
mallet  it  is  driven  home,  and  the  clay  which  rises  round 
the  core  above  the  mould  is  trimmed  off  with  a  knife. 
The  plug  is  then  withdrawn,  the  flask  or  mould  is  lifted 
on   to  the  top   of  a  post  of  small   diameter   and  is   slid 
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downwards,  leaving  the  pot  standing  on  the  base  on  the 
top  of  the  post.  The  crucible  is  finally  shaped  by  hand, 
the  top  being  narrowed  a  little,  and  is  then  lifted  away 
to  a  warm  place  to  dry.  When  hard  enough  to  be  handled, 
the  pots  are  placed  on  shelves  round  the  melting  house, 
where  they  arc  left  thirty  to  forty  days  to  dry  thoroughly. 
Each  pot  weighs  about  25  lb.  when  dry.  It  lasts  three 
heats,  which  is  a  day's  work  tor  a  melting  furnace,  and, 
as  a  rule,  one  pot  maker  can  produce  about  twenty-four 
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pots  a  day,  and  can  therefore  make  the  pots  for  twelve  fur- 
naces. Lids,  stands,  and  other  articles  required  are  also 
made,  but  for  these  clays  of  inferior  quality  are  used. 

The  Furnace.— Tba  melting  house  (Fig.  77)  contains  the 
range  of  furnaces  or  melting  holes  for  melting  the  steel. 
These  are  crucible  furnaces  of  the  usual  type,  and  in  Shef- 
field are  elliptical,  20  in.  by  19  in.,  and  3  ft.  deep.  They  are 
lined  with  refractory  material,  sometimes  fire-brick,  but 
more  usually  with  ganiater,  which  is  mixed  to  the  re- 
quired consistency  and  rammed  round  a  wooden  core 
temporarily  placed  in  position.  Each  furnace  requires 
relining  about  once  a  month.     The  tops  of  the  furnaces  are 
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level  with  the  working  floor,  the  ash  pits,  etc.,  being  under- 
neath. Each  furnace  may  have  its  own  chimney,  or  more 
usually  now  all  the  flues  are  led  into  one  main  chimney. 
The  draught  is  regulated  by  partially  closing  the  draught 
hole  with  a  brick.  Each  furnace  is  provided  with  a  suit- 
able cover.  Gas-fired  furnaces  have  been  tried;  indeed, 
the  Siemens  furnace  was  very  early  used  for  the  melting 
of  crucible  steel,  charging  doors  being  provided  in  the 
roof  of  the  furnace  by  which  the  crucibles  could  be  lowered 
on  to  the  hearth.  They  have,  however,  not  come  into 
general  use. 

The  Melting, — The  pots  are  heated  to  redness  in  an 
annealing  furnace,  and  are  then  placed  on  clay  stands  or 
bricks,  two  in  each  furnace;  lids  are  put  on  the  pots,  and 
the  fire  is  made  up.  As  soon  as  the  pots  are  hot,  a  little 
sand  is  thrown  in,  if  hand-made  pots  are  being  used,  which 
have  a  hole  in  the  bottom.  This  frits  the  stand  to  the  pot, 
so  that  it  is  lifted  out  of  the  fire  with  the  pot. 

The  bar  steel  is  carefully  selected,  the  quality  being 
judged  from  the  fracture.  It  is  broken  into  pieces  suffi- 
ciently small,  the  charge  is  weighed,  and  introduced 
into  the  pot  through  an  iron  funnel  or  filler  called  a 
charger.  The  lid  is  carefully  adjusted,  and  the  melting 
hole  is  filled  up  with  coke. 

As  the  coke  is  consumed  the  temperature  rises  rapidly, 
and  as  the  fuel  burns  away  more  is  added,  so  as  to  main- 
tain the  temperature  at  the  highest  possible  point,  and 
in  three  or  four  hours  the  charge  will  be  melted  or  "  clear 
melted.''  It  is  now  kept  melted  for  a  longer  period, 
varying  from  twenty  minutes  or  so  to  an  hour,  till  it  is 
"  dead  melted  " ;  this  is  the  killing.  Ferro-manganese 
is  now  very  frequently  added,  about  4  or  5  oz.  being  used 
for  each  charge. 

When  the  charge  is  ready  the  lid  of  the  crucible  is 
removed,  the  crucible  is  gripped  by  suitable  "  lifting  out  " 
tongs,  the  surface  slag  is  rapidly  skimmed  off,  and  the 
metal  is  quickly  poured,  care  being  taken  that  the  stream 
does  not  touch  the  side  of  the  mould. 

The  moulds  are  usually  of  iron  made  in  two  pieces, 
which  are  held  together  by  rings  and  wedges.  The  ingots 
are  usually  cast  about  3  in.  square,  but  other  sizes  are  cast 
as  required. 
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Chemistry  of  the  Process, — The  changes  in  the  composi- 
tion of  the  metal  which  take  place  during  melting  are  very 
small.  The  carbon  may  remain  constant,  but  usually  will 
be  slightly  increased  or  diminished  With  clay  crucibles 
there  will  be  a  loss,  but  with  graphite  crucibles  and  those 
containing  a  considerable  quantity  of  coke  the  carbon 
will  increase.  The  silicon  increases  very  considerably, 
Longmuir  states,  to  from  four  to  six  times  the  amount 
originally  present,  and  this  increase  of  silicon  is  of  the 
utmost  importance.  The  silicon  is  derived  from  the  clay 
of  the  crucible,  and  seems  to  be  mainly  taken  up  during 
the  "  killing  ''  stage.  The  amount  will  vary  with  the  com- 
position of  the  clay  of  which  the  crucible  is  made  and  with 
the  time  of  heating.  The  manganese  is  partly  oxidised, 
the  loss  varying  very  considerably,  but  it  may  be  roughly 
ptit  down  as  averaging  50  per  cent.  The  phosphorus  is 
unchanged,  and  the  sulphur  is  slightly  increased  under 
ordinary  circumstances  by  about  02  per  cent.  The  sul- 
phur taken  up  is  derived  from  the  coke.  The  sulphur  in 
the  coke  burns  to  sulphur-dioxide,  and  this  finds  its  way 
into  contact  with  the  metal,  where  it  is  partially  decom- 
posed and  sulphur  is  taken  up.  Therefore  coke  as  free 
as  possible  from  sulphur  should  always  be  used.  Long- 
muir gives  the  following  analyses  in  illustration  of  the 
results  of  melting  : — 

Less.  Gain, 

+    0144 
•422 

+   0-018 

If  the  ingot  was  cast  immediately  the  steel  was  melted, 
a  good  deal  of  gas  would  be  given  off,  and  the  ingot 
would  be  unsound.  After  "  killing,''  the  casts  are  made 
without  the  evolution  of  gas,  and  the  ingot  is  sound.  The 
simplest  explanation  of  the  change,  and  the  one  which 
is  usually  held  by  practical  men,  is  that  during  the 
*'  killing  ''  stage  the  gas  is  given  off,  and  that  therefore 
the  ingot  is  cast  sound.  This,  however,  does  not  seem  to 
be  the  real  explanation,  but  rather  that  the  silicon  taken 
up  increases  the  solvent  power  of  the  metal  for  the  gas, 


Calculated 

Actual 

composition. 

analysis. 

Carbon 

1-117 

1-147 

Silicon 

0-036 

0-180 

Manganese  ... 

0-852 

0-430 

Sulphur 

0-042 

0060 

Phosphorus . . . 

0046 

0046 
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and  therefore  that  no  gas  is  given  off.  The  whole  ques- 
tion of  the  formation  and  prevention  of  blow-holes  is  dis- 
cussed below. 

The  use  of  various  materials  for  improving  the  steel, 
under  the  name  of  physics,  is  common.  Innumerable  sub- 
stances have  been  suggested,  but  ferro-manganese  is  the 
only  one  the  value  of  which  has  been  proved. 

Subsequent  Treatment  of  the  Ingot, — The  ingot  is 
"  ended,''  that  is,  when  the  ingot  is  cold  the  ends  are 
broken  off,  and  from  the  fracture  the  melter  judges  the 
quality  of  the  metal.  The  ingot  is  heated,  the  surface 
being  covered  with  a  flux,  such  as  powdered  fire-clay, 
borax,  or  fine  sand,  which  protects  it  from  oxidation 
(wash  welding),  and  it  is  then  hammered  down  under  a 
light  steam  hammer  to  a  billet  about  2 J  in.  by  Ij  in.,  or,  if 
required  in  bars  larger  than  f  in.,  it  may  be  hammered 
at  once  down  to  the  required  size.  The  ends  are  again 
broken  off,  the  fracture  examined,  and  the  billet  is  re- 
heated and  rolled  to  the  required  size.  The  greatest  care 
is  required  in  maintaining  a  suitable  temperature,  which 
varies  with  the  grade  of  the  steel. 

Casting  Mixtures. — In  the  preceding  paragraphs  it 
has  been  assumed  that  the  steel  had  to  be  melted  alone  or 
with  the  addition  of  a  small  quantity  of  ferro-manganese, 
and  the  composition  of  the  resulting  steel  could  easily  be 
calculated.  In  practice  a  much  wider  range  of  materials 
is  melted,  and  by  arranging  mixtures  steel  of  any  required 
composition  can  be  obtained. 

If,  for  instance,  a  steel  lower  in  carbon  than  that  at 
hand  is  required,  it  can  be  obtained  by  melting  the  steel 
with  the  required  amount  of  malleable  iron  or  mild  steel. 

Crucible  steel  is  sometimes  made  by  melting  malleable 
iron  or  mild  steel  scrap,  with  pig  iron,  and  if  only  a 
moderate  quantity  of  carbon  is  required,  so  that  but  little 
pig  iron  need  be  used,  a  steel  of  moderate  quality  may  be 
obtained.  Ordinary  grey  pig  is  not  as  a  rule  available, 
owing  to  the  high  percentage  of  silicon  present.  The  best 
variety  of  pig  iron  is  a  white  haematite  iron.  Since  this 
will  be  low  in  phosphorus  and  silicon,  it  may  contain  sul- 
phur, which  will  be  very  objectionable,  so  a  pig  low  in 
sulphur  must  be  selected,  or  white  refined  iron  may  b<^ 
used. 
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As  an  example,  assume  that  the  following  materials 
are  available  :  (a)  A  mild  steel  scrap  containing  carbon 
•15,  silicon  '01,  manganese  '40,  sulphur  005,  phosphorus. 
0*05;  (6)  ferro-manganese,  containing  carbon  6*5  per  cent., 
silicon  0*8  per  cent.,  manganese  80*0  per  cent.,  sulphur 
•02,  phosphorus  010;  (c)  white  haematite  pig,  containing 
carbon  35  per  cent,  silicon  10  per  cent.,  manganese  0*50 
per  cent.,  sulphur  '02  per  cent.,  phosphorus  03  per  cent. ; 
and  that  it  is  required  to  make  a  steel  casting  containing 
075  per  cent,  of  carbon,  and  that  12  oz.  of  ferro-manganese 
is  to  be  added  to  each  100  lb.  of  scrap. 

100  lb.  of  scrap 015  1b.  075  -0-60 

•75  lb.  of  ferro-manganese       0-0488  lb.        0-0056     +     -0432 
100  lb.  white  iron  ...         3-50  lb.  0-750       +  2-750 

For   each   100*75   of   steel   and   scrap   there   will   be   a 

deficiency  of  O'GO   -   00432   =   '5568  parts  of  carbon.     As 

each  100  lb.  of  pig  iron  has  an  excess  of  2  750  parts,  the 

deficiency     can     be     made     up     by     the     addition     of 

100  X   '5568        „.„^  „       a     4.U  4. 

=  20  25  lb.     So  that 

2-75 

Excess  C.    Deficient  C, 

100  lb.  scrap  -  0*60 

•75  lb.  ferro-manganese  +  0  0432 

20  25  lb.  white  iron  (7087  -  '1513)  =  +  0  5568 

121  lb.  steel  with    75  %  C.  0*6000  0-60 

The  composition  of  the  resulting  steel  will  be  : — 
Silicon,  in  121  parts — 

From  scrap  '010 

„     ferro-manganese       |^^  ...       *006 


»     pig 


•203 
•219 


=  0-18  per  cent. 
Sulphur,  in  121  parts — 

From  scrap  0-05 

„     ferro-manganese  (-0002  x  -75)  ...         —     (negligible). 
.      02  X  20-25 


100 


0  004 


0-054 


0*044  per  cent. 
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Manganese,  in  121  parts — 
From  scrap 

ferro-manganese 

•600  X  20-25 


»» 


80  X  -75 
100 


»» 


pig 


100 


•40 
•60 

•10 


1-1 


JReault  Tabulated, 


=  '90  per  cent. 


(a) 

(&) 

(c) 

(^) 

Percentage  Composition. 

Steel 

Ferro- 

WhiU 

liesuUing 

Scrap. 

Manganese. 

Iron. 

Steel. 

Carbon     ...         

015 

6-50 

3-50 

0-7o 

Silicon      

001 

0-80 

100 

018 

Manganese 

0-40 

8000 

0^50 

0-90 

Sulphur 

006 

002 

002 

0044 

■Phosphorus         

0^05 

010 

003 

0047 

Steel  is  also  sometimes  made  by  melting  together  mild 
steel  or  malleable  iron  scrap  with  carbon,  but  there  is 
usually  a  loss  of  carbon,  so  that  the  composition  of  the 
steel  thus  made  is  somewhat  uncertain. 

The  Steel  Foundry. — Steel  castings  are  now  very 
largely  used  for  engineering  purposes.  For  light  work 
the  metal  is  usually  melted  in  crucibles,  but  for  large 
articles  an  open-hearth  furnace  is  usually  used,  and 
small  tilting  furnaces  are  coming  into  use  and  have  many 
advantages  for  the  steel  foundry.  (Fig.  78.)  The  metal  is 
run  into  a  ladle,  which  is  carried  by  a  crane  or  otherwise 
to  the  casting  shop. 

The  moulds  are  made  much  in  the  same  way  as  for 
cast-iron,  but  owing  to  the  much  higher  temperature  of  the 
steel,  they  must  be  made  of  much  more  refractory  material. 
Special  mixtures,  of  which  ganister  often  forms  an  im- 
portant part,  are  made  for  the  purpose.  The  moulds 
are  usually  dried. 

The  difficulties  in  making  good  castings  increase 
greatly  as  the  steel  becomes  milder,  partly  because  mild 
steel  dissolves  so  much  gas  that  it  is  difficult  to  get  sound 
castings,  and  partly  because  the  milder  the  steel  the 
higher  is  its  temperature  of  fusion  and  the  more  rapidly 
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it  tends  to  solidify.  Tho  shrinkage  of  steel  is  also  greater 
than  that  of  cant  iron,  being  about  i  in,  to  the  loot. 

The  ingates  and  runners  must  be  of  large  size,  so  as 
not  to  chill  the  metal,  and  ample  shrinking  heads  must 
be  allowed. 

Defects  in  CastingB. — Steel  cast  into  ingots,  whether  of 
hard  or  mild  temper,  is  liable  to  defects  which  are  some- 
times very  troublesome. 

BlGw-holei.—Thi&  is  the  most  common  of  all  defects. 


Fig,  78,— Steel  Foundry , 

Blow-holes  aj-e  small  cavities  filled  with  gas  which  occur 
in  castings.  There  may  be  few,  or  there  may  be  so  many 
that  the  mass  becomes  spongy  or  honeycombed.  The  hard 
steels,  if  well  "  killed,"  cast  well,  but  the  milder  the  steel 
the  more  difiicult  it  is  to  obtain  sound  castings. 

Blow-holes  are  caused  by  the  evolution  of  gas  during 
solidification,  and  this  gas,  becoming  entangled,  causes 
the  cavities.  These  cavities  vary  in  size  from  the  most 
minute  microscopic  cavities  up  to  quite  visible  holes. 

Gases  in  Steel.— Molten  steel  dissolves  a  considerable 
quantity  of  gas,  the  amount  dissolved  as  a  rule  increasing 
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with  the  temperature,  and  the  total  amount  of  gas  may  be 
many  times  the  volume  of  the  steel.  The  molten  metal, 
whether  in  the  Bessemer  converter  or  the  Siemens  furnace, 
is  more  or  less  in  contact  with  ther  air  or  products  of 
combustion,  and  some  gas  is  therefore  dissolved.  If  it 
is  air,  the  oxygen  is  fixed  as  oxide  of  iron,  or  may  be  con- 
verted into  carbon-monoxide  by  the  carbon  present,  whilst 
the  nitrogen  remains.  If  the  gas  is  the  product  of  com- 
bustion, then  carbon-monoxide  may  be  absorbed,  carbon- 
dioxide  will  probably  be  reduced  to  carbon-monoxide,  and 
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Fig.  80. 


Fig.  81. 


Fig.  79.— Section  of  Ingot,  showingr 
Pipe.  Fig.  80. — Section  of  Ingot, 
showing  Internal  Pipe.  Fig.  81. — 
Section  of  Ingot,  showing  Blow-holes. 
Fig.  82. — Cross-section  of  Ingot, 
showing  Blow-holes. 
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Fig.  82. 


any  water  vapour  will  be  decomposed,  the  oxygen  being 
used  in  oxidising  iron  or  carbon,  whilst  the  hydrogen 
remains  in  solution,  so  that  the  gases  present  in  the  steel 
will  be  hydrogen,  carbon-monoxide,  and  nitrogen,  the  pro- 
portions, and  also  the  total  quantity,  varying  with  the 
composition  of  the  metal,  and  also  with  the  conditions 
by  which  it  has  been  exposed.  The  quantity  of  gas  is 
generally  larger  in  steels  made  by  the  Bessemer  than  in 
those  made  by  the  open-hearth  processes. 

As  the  steel  cools,  the  gas,  being  less  soluble  as  the 
temperature  falls  to  near  the  solidifying  point,  is  given 
off,  usually  by  a  steady  continuous  bubbling;  but  if  the 
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quantity  be  large  there  may  be  a  vigorous  boiling,  and  the 
metal  is  said  to  be  wild.  As  the  metal  cools  rapidly  in 
the  mould,  the  evolution  of  gas  is  often  very  much  greater 
than  in  the  ladle;  sometimes,  indeed,  it  is  so  vigorous 
that  a  considerable  portion  of  the  metal  may  be  ejected, 
and  it  is  then  said  to  scatter.  The  gas  which  escapes  in  the 
ladle  or  in  the  mould  whilst  the  metal  is  liquid  cannot,  of 
course,  cause  blowholes,  but  the  quantity  which  so  escapes 
is  to  a  certain  extent  an  index  to  the  total  quantity 
present,  and,  therefore,  of  that  which  is  likely  to  remain 
as  the  metal  solidifies.  The  gas  which  escapes  whilst  the 
metal  is  perfectly  liquid  comes  mainly  from  the  ladle; 
that  which  escapes  during  solidification  in  the  mould  is 
usually  spoken  of  as  mould  gas. 

PhenonCena  of  Solidification, — As  soon  as  a  mass  of  steel 
is  poured  into  a  ladle  it  begins  to  solidify,  the  solidifi- 
cation beginning  at  the  outside  and  gradually  proceeding 
inwards.  As  the  solid  metal  occupies  less  area  than  the 
liquid,  there  must  be  contraction,  and  what  will  happen 
will  depend  on  the  conditions  of  cooling.  If  the  top  of 
the  ingot  be  kept  liquid  to  the  last,  this  will  sink  down- 
wards so  that  the  top  of  the  solidified  ingot  will  be 
depressed,  forming  what  is  called  a  pipe.  (Figs.  79  to 
82,  Ingots,  showing  Pipes.)  If  the  top  of  the  ingot 
solidifies  whilst  the  interior  is  still  liquid,  contraction 
will  still  go  on,  the  metal  as  it  solidifies  adhering  to 
that  which  is  already  solid,  and  thus  a  cavity  or  pipe 
will  still  be  formed,  but  will  be  beneath  the  surface,  and 
its  position  will  be  determined  by  the  position  of  the  last 
liquid  metal.  Care  is  taken  to  allow  an  ingot  to  cool  in 
such  a  way  that  the  pipe  is  at  or  near  the  surface.  If  a 
large  ingot  be  stripped  before  the  interior  has  solidified, 
it  should  never  be  thrown  over,  but  should  be  allowed  to 
remain  in  its  vertical  position  until  it  has  quite  solidi- 
fied. The  formation  of  the  pipe  is  due  merely  to  the 
contraction  of  the  metal,  not  to  the  evolution  of  gas. 
If  the  metal  contains  gas  in  solution  under  such  conditions 
that  it  will  be  given  off  on  solidification,  the  whole  state 
of  things  will  be  changed.  As  the  metal  solidifies  the 
solid  gradually  grows  inward  from  the  outside,  and 
the  gas  as  given  off  tends  to  rise,  and  if  the  metal 
be    liquid    at    the    surface,    may    escape    either    slowly 
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or  with  enough  violence  to  cause  scattering.  The  metal, 
however,  solidifies  by  the  growing  inward  of  crystals,  and 
bubbles  of  gas  are  apt  to  be  retained  among  these,  and 
thus  the  metal  solidifying  round  them  retains  them.  As 
any  gas  liberated  tends  to  adhere  to  any  previously 
existing  bubbles,  the  bubbles  tend  to  grow  inward,  in- 
crease in  size  and  become  elliptical.  At  a  considerable 
depth  below  the.  surface  the  cooling  surfaces  are  less 
definite  and  the  position  of  the  blow-holes  becomes 
more  irregular.  Very  mild  steel  passes  through  a  long 
pasty  stage  before  solidification,  and  this  still  further 
tends  to  retain  the  bubbles.  The  escaping  bubbles  tend 
to  rise  through  the  still  liquid  metal,  and  if  the 
top  be  solidified  so  that  the  gas  cannot  escape,  it 
will  be  retained  in  the  higher  still  liquid  portion  of  the 
ingot.  As  under  ordinary  conditions  of  an  ingot  cast  in 
a  metal  mould  the  top  is  the  last  portion  to  solidify,  and 
the  solidification  at  the  top  is  still  further  retarded  by 
covering  it  with  sand  after  casting,  the  gas  rises, 
and  what  does  not  escape  becomes  entangled  in  the  solidi- 
fying top  of  the  ingot,  which  is  subsequently  cut  off  and 
rejected.  When  the  gas  is  in  solution  the  bulk  of  the 
metal  is  not  increased  by  its  presence,  but  as  soon  as  it 
is  liberated  it  necessarily  increases  the  volume,  and  if  it 
cannot  escape  it  causes  the  metal  to  rise,  so  that  whilst  a 
gas-free  ingot  contracts  and  forms  a  pipe  at  the  top, 
an  ingot  which  has  evolved  gas  rises  in  the  mould  to  such 
an  extent  sometimes  that  it  may  reach  above  the  top  of 
the  mould. 

Blow-holes  are  always  present  in  steel,  and  in  many 
cases  are  not  special  sources  of  weakness.  If  the  interior 
of  the  bubbles  be  bright  and  unoxidised,  they  may  weld 
up  during  rolling  or  forging.  If,  however,  the  holes  are 
of  large  size  and  do  not  weld  up  they  are  distinct  sources 
of  weakness.  Sometimes  the  interior  of  the  blow-hole 
is  oxidised,  and  the  film  of  oxide  prevents  welding. 

Boring  Gases. — The  whole  of  the  gas  is  never  evolved 
before  the  metal  solidifies,  some  being  always  retained, 
whether  in  minute  cavities  or  in  solid  solution  is  uncer- 
tain. Gas  retained  in  the  solid  steel  is  often  called  boring 
gas,  because  it  can  be  extracted,  at  least  partially,  by 
boring  the  metal  under  water  with  a  very  fine   boring 
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tool  so  as  to  break  the  metal  up  into  very  fine  turnings, 
or  it  may  be  obtained  by  heating  the  metal  in  a  vacuum, 
though  whether  the  gas  obtained  by  the  two  methods  is 
identical  in  quality  and  quantity  is  uncertain.  The 
amount  of  boring  gas  is  sometimes  several  times  the 
volume  of  the  steel. 

Prevention  of  Blow-holes. — Many  methods  for  the  pre- 
vention of  blow-holes  have  been  suggested.  They  may  be 
either  physical  or  chemical. 

The  Physical  Methods, — Among  the  physical  methods 
may  be  mentioned,  agitating  the  metal  in  the  ladle,  which 
facilitates  the  escape  of  dissolved  gas,  and  casting  the 
metal  in  moulds,  which  are  rotated  rapidly  so  that  the  gas 
is  expelled  by  centrifugal  force ;  but  the  only  physical 
method  which  has  been  at  all  largely  used  is  casting 
under  pressure,  which  was  introduced  by  Sir  Joseph 
Whitworth  in  1865,  a  somewhat  similar  process  having 
been  used  by  Bessemer  as  far  back  as  1856. 

The  principle  of  this  is  very  simple.  The  metal  is 
cast  in  a  mould  which  consists  of  a  very  strong  steel 
jacket  with  a  more  or  less  porous  lining.  The  steel  is  run 
into  this,  and  great  pressure  is  put  on  by  means  of  a 
hydraulic  ram,  the  pressure  reaching  as  much  as  20 
tons  per  square  inch  of  horizontal  section. 

As  the  pressure  is  put  on  there  is  a  vigorous  escape 
of  gas  and  flame,  and  the  ingot  is  considerably  reduced  in 
length. 

In  the  Whitworth  and  similar  processes  the  pressure 
is  applied  at  the  top  of  the  ingot,  where  it  is  likely  to 
be  least  efficient.  In  a  more  recent  process  patented  by 
Messrs.  Robinson  and  Rodger,  of  Sheffield,  which  is  an  im- 
provement on  the  patents  of  Mr.  Illihgworth,  of  New 
York,  the  pressure  is  applied  laterally. 
•  The  moulds  are  made  in  halves  divided  vertically,  the 
two  halves  when  ready  for  casting  being  separated  by  n. 
packing  piece  of  convenient  form  and  size  which  can  be 
easily  removed.  The  moulds  are  arranged  in  a  series 
in  the  press  in  such  a  way  that  the  spaces  between  the 
halves  of  the  moulds  when  the  packing  pieces  are  removed 
are  at  right  angles  to  the  direction  of  pressure,  as  shown 
in  the  sketch.  The  moulds  are  filled  at  once  by  means 
of  a  bottom  or  top  runner,  and  as  soon  as  the  surface  has 
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solidified,  which  takes  a  few  minutes,  the  packing  pieces 
are  removed,  and  a  steady  pressure  put  on  by  means 
of  the  hydraulic  ram  (Fig.  83  shows  a  plan  of  an  8,000-ton 
hydraulic  press  for  side  fluid  compression).  The  sides 
of  the  moulds  are  thus  forced  together ;  the  pressure  is 
continued  till  the  metal  is  quite  solid,  and  is  gradually 
increased  till  it  reaches  about  2  tons  per  square  inch.  In 
the  case  of  large  ingots  the  top  is  kept  open  by  the. use 
of  a  feed  rod,  a  fire-clay  ring  being  laid  on  the  top  of  the* 
ingot,  into  which  the  metal  rises  as  soon  as  the  pressure  is 


Fig.  83.— Plan  of  8,000-ton  Hydraulic  Press  for  Side  Fluid  Compression. 

put  on.     The  ingot  produced  is  said  to  be  absolutely  sound. 
(Fig.  84. — Casting  Pit  showing  Fluid  Compression  Plant.) 

Effect  of  Pressure, — The  effect  of  the  pressure  is  uncer- 
tain; it  may  be  threefold.  (1)  It  may  cause  the  expulsion 
of  the  separated  gas ;  (2)  it  may  prevent  the  separation  of 
the  gas  by  causing  it  to  be  retained  in  solution ;  or  (3)  it 
may  simply  compress  the  gas  so  that  the  blow-holes  become 
so  small  as  to  be  insignificant,  or  all  three  actions  may  co- 
operate to  produce  a  sound  casting.  It  is,  however, 
obvious  that  the  circumstances  under  which  the  method 
can  be  used  are  comparatively  few. 

Other  Methods  of  Applying  Pressure, — Pressure  has 
been  used  in  various  other  ways,  as,  for  instance,  by  the  use 
of  carbonic  acid  gas,  air,  and  steam,  and  when  castings  are 
made  with  a  sinking  head,  i.e,  a  head  of  metal  above  the 
part  of  the  casting  which  is  required,  not  only  is  there  the 
pressure  of  the  head  of  metal,  but  the  metal  is  kept 
liquid  longer,  so  that  the  gas  has  a  better  opportunity 
of  escaping.  The  sinking  head  may  be  20  per  cent,  or 
more  of  the  length  of  the  casting,  or,  in  other  words, 
the  casting  may  be  made  longer  than  required  for  use 
by  that  amount.  In  ordinary  ingot  casting  the  pro- 
portion rejected  is  about  10  per  cent.  (Fig.  85,  Axle 
Hammer.) 
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Tfig.  64. — Casting  Fit^  Bhowing  Fluid  Compreeaioii  Plant, 


fig.  85,— Aile  Hftrnmer. 
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Chemical  Methods. — If  a  fragment  of  aluminium  be 
thrown  into  a  ladle  or  mould  of  steel  which  is  "  wild," 
it  at  once  quiets  down,  and  whilst  if  the  metal  were 
poured  in  its  original  condition,  the  ingot  would  be  porous 
and  unsound,  after  the  addition  of  aluminium  it  will  yield 
a  perfectly  sound  casting.  Castings  of  very  mild  steel — 
known  as  Mitis  iron  castings — ^have  been  made  by  the 
addition  of  a  small  quantity  of  aluminium  to  almost  car- 
bon-free iron,  which,  without  the  addition  of  aluminium, 
would  have  only  yielded  castings  full  of  blow-holes. 
Silicon  has  much  the  same  effect ;  the  addition  of  a  little 
ferro-silicon  at  once  quiets  a  mass  of  steel,  and  enables 
it  to  yield  sound  castings,  and,  as  pointed  out  above,  in  the 
"  killing  "  of  crucible  cast  steel,  silicon  is  taken  up  in 
the  crucible  in  which  the  metal  is  melted. 

The  action  of  silicon  or  aluminium  on  the  gas  has  been 
explained  in  various  ways.  It  has  been  suggested  that 
it  may  cause  the  expulsion  of  gas  from  solution.  There 
is,  however,  no  evidence  of  this,  and  if  it  were  the  case, 
it  would  seem  that  the  addition  should  not  quiet  the 
metal,  but  rather  should  make  it  more  wild  by  increasing 
the  amount  of  gas  given  off.  It  has  also  been  suggested 
that  the  added  metals  might  destroy  the  gases  by  con- 
verting them  into  solid  compounds ;  this,  however,  is  not 
likely,  as  neither  silicon  or  aluminium  combine  readily 
with  hydrogen,  nitrogen,  or  carbon-monoxide.  The  only 
other  explanation  is  that  the  addition  of  the  silicon  or 
aluminium  increases  the  solvent  power  of  the  metal  for 
gases  not  only  in  the  liquid,  but  in  the  solid  condition, 
so  that  the  gas  is  actually  retained  in  solution.  The  whole 
question,  however,  needs  further  investigation.  In  prac- 
tice the  addition  of  aluminium  to  steel  to  ensure  sound 
castings  is  now  very  general.  The  quantity  required  is 
very  small,  a  few  ounces  being  sufficient  for  a  ladle-  of 
steel,  and  only  the  minutest  trace  of  aluminium  remains 
in  solution  in  the  metal.  Silicon  has  the  same  action, 
and  in  the  form  of  ferro-silicon  is  frequently  used. 

Mild  steel  can  be  cast  in  crucibles  by  the  addition  of 
about  0*1  per  cent,  of  aluminium  in  the  form  of  ferro- 
aluminium. 

Segregation. — Steel  is  not  a  perfectly  homogeneous 
material.     In  the  liquid  condition,  it  must  be  regarded  as 
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solution  of  certain  compounds  in  an  excess  of  iron.  As 
the  solution  solidifies  various  changes  may  take  place. 
As  a  solution  of  substances  which  do  not  remain  in  solu- 
tion in  the  solid  condition  solidifies,  the  tendency  is  for 
the  pure  or  comparatively  pure  solvent  to  solidify,  and 
to  leave  a  more  fusible  mother  liquor  which  contains  a 
much  larger  proportion  of  foreign  constituents,  so  that  as 
solidification  goes  on,  this  mother  liquor  becomes  more  and 
more  concentrated,  and  ultimately  solidifies.  In  the  case 
of  steel,  compounds  of  carbon,  sulphur,  and  phosphorus 
tend  to  pass  into  this  mother  liquor,  and,  therefore,  to 
concentrate  in  the  portions  of  the  mass  which  solidify 
last.  If  the  solidification  be  very  rapid  there  is  little  time 
for  separation,  but  if  it  be  very  slow,  the  separation 
may  become  so  marked  that  the  portions  of  the  ingot 
which  solidify  last  have  a  sensibly  different  composition 
from  the  portions  which  solidify  first.  This  is  called 
segregation,  and  it  is  sometimes  very  troublesome.  In 
ordinary  ingot  castings  the  quantity  of  foreign  matter 
is  so  &mall  that  the  segregation  is  usually  of  little  im- 
portance, for  the  smaller  the  percentage  of  foreign  con- 
stituents, -as  a  rule,  the  less  marked  is  the  segregation. 
Campbell  gives  the  following  figures  as  illustrating 
segregation  in  a  plate  10  in.  thick  : — 

Centre  6  inches  from  top 
Centre  12  inches  from  top 
Centre  18  inches  from  top 
Centre  24  inches  from  top 
Centre  3  inches  from  bottom 

If  a  mass  of  metal  in  which  segregation  has  taken  place 
be  kept  at  a  high  temperature,  but  below  its  melting 
point,  for  some  time,  the  effects  of  the  segregation  may  be 
removed  by  the  diffusion  of  its  separated  constituents 
into  the  mass  of  the  metal. 

Mr.  Talbot*  has  shown  that  segregation  in  steel  ingots 
is  very  much  diminished  by  the  addition  of  aluminium. 

Cracks. — It  sometimes  happens  that  ingots  crack  after 
casting,  and  cracks  may  be  produced  in  various  ways.  The 
steel  in  the  mould  is,  of  course,   much  hotter  than  the 
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mould  itself,  and  the  outer  skin  will,  therefore,  solidify 
almost  instantaneously.  As  the  mould  becomes  heated 
it  may  draw  away  from  the  contpe,cting  ingot,  and  the 
metal  if  plastic  enough  will  follow  it,  but  if  not,  the  pres- 
sure of  the  molten  metal  within  may  cause  a  fracture. 
As  cooling  goes  on,  the  steel  of  the  ingot  cools  and  con- 
tracts more  rapidly  than  the  interior,  which,  being  in- 
compressible, will  not  yield,  and  thus  cracks  may  be  pro- 
duced. It  sometimes  happens  that  as  the  ingot  contracts 
internal  cracks  may  be  developed  which  produce  flaws 
when  the  ingot  is  rolled. 
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CHAPTER   XIL 

FORQING    AND    ROLLINQ    STEEL. 

The  steel,  having  been  cast  into  ingots,  is  worked  down 
into  the  form  required — rails,  girders,  sheets,  plates,  or 
whatever  else  may  be  required — by  forging,  rolling,  or 
pressing. 

Forging. — Steam  hammers  were  at  one  time  largely 
used  for  forging  the  ingot  down  to  a  billet,  following  the 
custom  of  the  treatment  of  the  puddled  bloom  in  the  manu- 
facture of  iron,  and  as  large  ingots  came  to  be  made,  the 
hammers  were  greatly  increased  in  size,  hammers  with 
moving  parts  of  over  100  tons  having  been  erected  in  some 
places.  But  these  have  now  been  entirely  abandoned,  as 
the  hammer  is  found  not  to  be  efficient  for  dealing  with 
large  masses  of  metal. 

The  hammer  is  now  mainly  used  for  light  work  of 
various  kinds.  Tool  steel  is  always  reduced  to  the  re- 
quired form  by  forging  or  "  tilting,''  no  doubt  so  called 
because  tilt  hammers  were  used.  Light  hanmiers  are  used, 
which  work  very  rapidly  150  to  300  blows  per  minute. 

The  advantages  of  the  hammer  for  moderately  light 
work  is  that  the  work  is  much  more  under  the  control  of 
tne  workman  than  is  the  case  with  rolls,  and  he  can  use 
his  skill  in  modifying  the  form  of  the  article  and  in  other 
ways. 

The  output  of  a  hammer  is  very  much  less  than  that 
of  rolls,  and  in  the  latter  case  the  work  is  therefore  much 
more  costly. 

Hammers  are  used  for  forging  steel  axles  from  a  circu- 
lar bar,  the  anvil  and  hammer  head  being  suitably  shaped, 
for  hammering  down  ingots  for  tyres,  and  for  other 
special  purposes. 

Before  the  introduction  of  mild  steel,  forgings  of  large 
size  were  made,  an  ingot  weighing  115,000  lb.  having  been 
shown  in  the  Exhibition  in  London -in  1873.  There  were, 
however,  great  difficulties  in  the  production  of  very  large 
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ingots  for  forging,  as  a  large  number  of  crucibles  were 
required  and  the  pouring  had  to  be  absolutely  continuous, 
the  pouring  from  the  succeeding  pot  being  necessarily 
commenced  before  that  from  the  pot  that  immediately  pre- 
ceded it  was  completed. 

Rolling.— ^In  almost  all  cases  to-day  the  steel  ingot  is 
reduced  to  the  required  form  in  the  rolling  mill.  The 
mills  differ  in  details  according  to  the  work  being  done, 
and  it  is  impossible  here  to  give  more  than  the  barest  out- 
line of  the  construction  and  arrangement  of  a  typical 
mill. 

The  action  of  the  rolls  depends  upon  the  fact  that 
under  a  suitable  pressure  the  metal  will  flow  and  will 
take  any  required  form.  The  ingot  to  be  rolled  down,  say, 
into  a  flat  bar  or  plate,  will  at  each  pass  through  the  rolls 
have  to  have  its  thickness  reduced  from  that  which  it  has  at 
starting  to  the  width  between  the  rolls,  many  passes  being 
required,  the  rolls  being  brought  nearer  each  pass  when  the 
reduction  of  thickness  is  to  be  considerable.  The  end  of  the 
bar  is  brought  against  the  rolls,  which,  by  friction,  grip  it 
and  carry  it  forward.  The  plastic  metal  flows  back,  there 
being  a  wave-like  elevation  against  the  rolls,  and  the 
bar  is  therefore  elongated  almost  entirely  in  the  direction 
in  which  it  passes  through  the  rolls,  there  being  but  little 
lateral  extension. 

There  is,  however,  always  some  lateral  extension,  and 
the  edges  of  the  billet  usually  become  rough  and  jagged. 
To  avoid  these  jagged  edges  and  to  obtain  bars  of  a  uni- 
form section,  the  rolls  are  provided  with  grooves,  so  that 
the  sides  of  the  bar  are  pressed  against  the  sides  of  the 
grooves  and  take  their  form.  In  this  way  bars  of  any 
required  form  can  be  obtained. 

In  rolling  down  from  a  square  billet  to  any  required 
form  the  greatest  care  is  required  in  the  turning  of  the 
grooves  on  the  rolls  so  as  to  form  such  a  series  that  the 
change  from  the  square  billet  to  the  final  form  will  be 
brought  about  gradually  and  in  such  a  way  that  there 
will  be  the  least  stress  on  the  roll  at  each  pass,  that  the 
metal  will  ultimately  take*  exactly  the  required  form,  and 
that  no  "  fins  " — t.e.  slips  of  metal  which  will  have  to  be 
removed — shall  be  formed.  The  engineer  in  charge  has 
to  decide  exactly  how  many  passes  or  draughts  will  be 
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necessary  to  give  the  reduction  of  area  required,  and  the 
form  of  grooves  in  the  rolls  which  will  be  best  for  the 
purpose. 

The  Mill.— The  mill  always  has  two  seta  of  rolls,  the 
cogging  or  blooming  rolls  by  which  the  ingot  is  reduced 
to  a  billet  of  suitable  dimensions,  square  or  rectangular,  aa 
the  case  may  be,  and  the  finishing  mill  in  which  it  re- 
ceives its  final  form.    (Fig.  86  shows  a  cogging  mill.) 


Fig,  86. — Cogering  Mill, 


The  rolls  consist  essentially  of  a  pair  of  rolls  mounted 
one  over  the  other  and  driven  by  a  suitable  power,  which 
in  this  country  is  always  a  steam  engine.  The  rolls  are 
both  driven  in  opposite  directions,  so  that  they  therefore 
tend  to  drag  through  any  substance  which  is  placed  be- 
tween them. 

The  rolls  for  large  work  are  asa&lly  made  of  mild  steel, 
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while  for  lighter  work  the  plain  rolls  are  of  chilled  cast 
iron,  and  the  grooved  rolls  on  which  the  grooves  have  to 
be  turned  are  of  a  strong,  close-grained  iron  which  is 
not  chilled. 

The  diameter  of  the  rolls  varies  from  6  in.  or  so  for 
very  small  work  up  to  3  ft.  or  so  for  large  heavy  work, 
and  the  length  varies  up  to  10  ft.  or  so  for  plate  mills,  but 
is  usually  about  6  ft.  The  dimensions,  however,  vary 
within  very  wide  limits,  according  to  the  nature  of  the 
work  to  be  done.  At  each  end  of  the  roll  is  a  portion  of 
smaller  diameter,  the  neck  which  rests  in  the  bearings, 
and  beyond  this  is  a  portion  which  is  not  circular  in 
section,  and  is  called  the  wobbler,  by  which  the  roll  is 
driven. 

The  rolls  are  carried  on  a  strong  iron  frame.  The  lower 
one  is  fixed  in  position  running  in  fixed  bearings,  but  the 
upper  one  must  be  capable  of  adjustment.  It  therefore  runs 
in  bearings  which  can  be  raised  or  lowered  by  means  of  a 
suitable  apparatus  so  as  to  place  the  rolls  at  the  required 
distance  apart. 

When  the  rolls  are  at  work  it  is  obvious  that  the  press- 
ure of  the  lower  roll  will  be  on  its  lower  bearings  and  the 
pressure  of  the  upper  roll  on  its  upper  bearings.  The 
rolls  are  adjusted  by  means  of  two  screws,  one  at  each 
end  of  the  rolls,  which  are  operated  by  hand  by  means  of 
a  lever  or  a  large  wheel  or,  more  usually  now,  by  means 
of  steam  or  hydraulic  gearing.  It  is  of  the  utmost  im- 
portance that  the  upper  roll  should  be  moved  by  exactly 
the  same  distance  at  the  two  ends,  so  that  it  should  remain 
parallel  to  the  lower  roll.  When  the  roll  is  operated  by 
hand  the  wheel  is  marked  so  that  the  position  of  the  two 
ends  can  be  made  to  coincide,  but  when  operated  by  power 
the  two  ends  are  raised  or  lowered  together.  As  the  upper 
roll  will  be  raised .  or  lowered  it  cannot  be  attached  to 
the  driving  shaft  of  the  engine  of  a  rigid  shaft ;  the  shaft, 
therefore,  is  loosely  attached,  the  end  is  made  the  same 
form  as  the  wobbler,  and  the  two  are  united  by  "means  of 
a  coupling  box.  The  connecting  shaft  is  always  made 
weaker  than  the  neck  of  the  roll,  so  that  if  sudden  stress 
be  thrown  on  the  mill  the  connecting  shaft  may  break 
sooner  than  the  neck  of  the  roll,  the  former  being  much 
more  easily  replaced  than  the  latter. 
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Small  mills,  such  as  are  used  for  rolling  malleable  iron 
or  small  steel  sections,  have  the  rolls  fixed  at  a  definite 
distance  apart,  the  reduction  of  area  being  obtained  by 
passing  the  bar  successively  through  smaller  grooves. 

In  mills  for  light  work  also  the  rolls  are  driven  con- 
tinually  in  j;he   one   direction,  ,the   bar,    having   passed  f 
through  one  groove,  being  returned  over  the  top  of  the  / 
mill,  and  then  passed  through  the  next  groove,  and  so  on.  J 
Such  a  mill  is  called  a  "  pull-over  mill." 

Sometimes  for  very  light  work  rolls  are  used  with  three 
rolls  (see  "  Iron,''  p.  227),  the  bar  being  passed  in  one 
direction  between  two,  say  the  middle  and  the  upper 
rolls,  and  back  between  the  middle  and  lower  rolls.  Such 
a  mill  is  called  a  '^  three-high  mill." 

In  some  cases  mills  are  used  in  which  several  pairs  of 
rolls  are  placed,  one  behind  the  other,  so  that  the  bar 
passes  through  them  consecutively.  Such  a  roll  is  called 
a  "  continuous  "  mill,  and  in  a  "  looping  "  mill  several 
three-high  rolls  are'  arranged  in  line,  the  bar  being  seized 
as  soon  as  it  is  partly  through  one  groove  and  bent  round 
and  inserted  in  the  next,  so  that  the  rolling  is  continuous, 
though  not  in  the  same  straight  line. 

With  very  heavy  ingots  it  would  be  impossible  to  re- 
turn the  ingot  over  the  top  of  the  rolls.  The  mill  is  there- 
fore reversed  at  each  pass,  the  bar  being  passed  through  in 
one  direction  and  then  back  in  the  other  direction.  Such 
mills  may  either  be  worked  by  running  the  engine  con- 
tinuously forward  and  using  a  reversing  gear  to  the  mill, 
or  by  actually  reversing  the  engines  at  each  pass.  The 
latter  method  is  almost  universal. 

The  Cogging  or  Blooming  Mill. — In  this  mill  the 
ingot  is  reduced  to  a  billet  of  convenient  size.  It  consists 
of  a  pair  of  rolls  30  in.  to  36  in.  in  diameter  and  6  ft.  to 
8  ft.  long.  These  are  plain  or  have  broad  rectangular 
grooves  for  giving  the  final  form  to  the  billet.  They  are, 
of  course,  adjustable.  In  the  early  mills  the  ingot  was 
pushed  up  to  the  roll  by  means  of  iron  rods;  then,  to 
facilitate  the  movements,  rollers  were  provided;  and  now 
that  very  heavy  ingots  are  used,  "  live  rollers  "  are  pro- 
vided by  which  the  ingot  is  mechanically  carried  forward 
and  mechanical  appliances  are  used  for  turning  and 
rolling  the  ingots. 

K 
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For  a  distance  of  20  to  40  ft.  at  each  aide  of  the  roils 
ia  arraDged  a  series  of  small  rollers  as  long  as  the  width 
of  the  mill,  the  tops  of  which  come  a  little  above  the  level 
of  the  floor,  and  about  1^  in.  apart,  so  that  the  ingot  will 
rest  on  several  of  them  at  the  same  time.  To  the  axle 
of  each  of  thcBC  rollers  is  attached  a  bevel  wheel,  gearing 
with  a  bevel  wheel  attached  to  a  shaft  driven  by  an  engine, 
BO  that  they  can  all  be  rapidly  rotated  in  the  same  direc- 
tion at  once,  and  an  ingot  placed  on  them  will  thus  he 
carried  forward  to  the  r&lls. 

It  ia  also  necessary  to  move  the  ingot  longitudinally — 
i.e.  at  right  angles  to  the  direction  of  the  rolls— so  that  it 
may  be  delivered  at  the  right  place  and  in  a  position  at 
right  angles  to  the  rolls  and  not  obliquely.  A  series  of 
runners  are  arranged  between  the  rollers,  running  on  rails 
beneath,  and  usually  operated  by  hydraulic  power.  By 
moving  these  the  ingot  can  be  pushed  into  any  required 
position,  and  as  the  ingot  will  also  be  caught  by  two 
of  them  it  will  be  placed  in  the  required  direction.  When 
the  ingot  has  passed  a  few  times  through  the  rolls  it  will 
need  to  be  turned  on  edge.     This  is  done  by  means  of  a 


Fig,  87,— Tilting  Gear, 

tilter.  Tilters  are  of  many  forma.  Essentially  they  all 
consist  of  a  carriage  running  on  rails  transversely  to  the 
rollers  (see  Fig,  87),  with  some  arrangement  of  mechanism 
by  which  the  ingot  can  be  turned  over  and  placed  in 
position. 

In  the  earlier  mills,  where  manual  labour  was  used,  a 
large  number  of  men  were  required  to  push  forward,  guide, 
and  turn  (or  edge)  the  ingots,  but  in  modern  mills  all 
this  labour  is  dispensed  with.  The  various  movements, 
rolls,  live  rollers,  guides,  and  tilters,  are  operated  by 
means  of  levers  fi'om  a  gallery  from  which  the  foreman 
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can  obtain  a  clear  view  of  the  floor,  and  no  labour  is  re- 
quired oh  the  floor  at  all. 

Rolling. — The  ingot  ia  lifted  by  a  suitable  crane  and 
deposited  at  the  end  of  the  floor  on  the  rollers.  These  are 
Btarted,  and  the  ingot  is  carried  forward  nearly  to  the 
rolla.     It  is  then  stopped  for  a  moment,  and  guided  into 


Fig-.  88,— Billet  Shears. 

position.  The  rollers  are  again  started,  the  ingot  is 
brought  up  to  the  rolls,  and  passed  through.  As  soon  aa 
it  is  through  the  rolla  and  reversed,  it  is  brought  up  by  the 
live  rollers  on  the  other  side,  again  passed  through,  and 
so  on.  When  it  has  passed  a  sufficient  number  of  times, 
it  is  turned  on  edge  by  means  of  the  tilter,  the  top  roll  is 
lifted  so  as  to  give  only  the  recjuired  draught,  and  t\\^ 
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ingot  is  passed  through  again.  This  is  repeated  until 
it  has  been  reduced  to  the  required  form,  say  to  a  rect- 
angular billet  about  8  in.  square. 

As  already  remarked,  the  upper  end  of  the  ingot  will 
probably  be  unsound.  This  is  therefore  cut  off.  For  this 
purpose  shears  are  provided  ^in,  such  a  position  that  the 
billet  can  be  passed  direct  from  the  rolls  to  it  by  means  of 
live  rollers.  The  ingot  is  advanced  by  the  live  rollers 
till  as  much  as  is  to  be  cut  off  at  the  head  is  beyond  the 
shear.  This  is  brought  down,  and  the  head  is  cut  off  and 
thrown  aside.  The  billet  is  then  advanced  till  it  is  beyond 
the  shear,  and  a  piece  is  cut  off  the  other  end.  The  two 
pieces  which  are  cut  off  are  put  aside  as  scrap.  (Fig.  88.) 
The  billet  itself  may  either  be  allowed  to  cool  or  be  sent 
forward  to  the  finishing  mill  to  be  rolled  into  the  required 
form.  In  the  case  of  rails,  girders,  and  similar  sections, 
the  metal  is  hot  enough  to  be  sent  forward  to  the  finishing 
mill  and  finished  without  reheating. 

The  Finishing  MAIL — The  finishing  mill  is  very  similar 
to  the  cogging  mill,  except  that  the  rolls  may  be  smaller, 
the  size  varying  according  to  the  sections  being  rolled. 
The  table  in  front  of  the  rolls  must  be  very  much 
longer,  as  the  billet  is  now  to  be  rolled  out  into  a  long 
rail  or  other  section  120  to  200  ft.  long,  and  they  may 
or  may  not  be  provided  with  live  rollers.  Guides  and  tilt- 
ing mechanism  are  usually  not  used.  The  billet  is  brought 
forward,  passed  through  the  first  groove,  back  through 
the  second,  again  through  the  third,  and  so  on,  till  it 
has  received  the  required  form.  The  arrangement  and 
form  of  the  grooves  will,  of  courses,  vary  very  much  with 
the  section  to  be  rolled,  and,  as  a  rule,  the  rolls  need  not  be 
adjustable.  The  resulting  section,  rail,  or  whatever  it 
may  be,  will  usually  be  longer  than  is  required,  and  also 
the  ends  will  need  to  be  cut  off,  as  they  are  sure  to  be 
rough.  The  shears  such  as  are  used  for  cutting  billets 
are  not  suitable  for  the  purpose,  as  they  would  tend  to 
deform  the  section,  and  a  circular  saw  is  almost  always 
employed.  As  it  is  not  easy  to  advance  a  long  bar  of 
metal  which  is  still  soft  and  more  or  less  plastic  against 
the  saw,  the  bar  is  kept  in  position  against  a  long  fixed 
guide  plate,  by  which  it  is  kept  quite  straight,  and  the 
saw    is   swung   forward.     A   saw   the   blade   of   which   is 
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carried  on  a  frame  Buspendcd  so  that  it  can  be  brought 
forward  in  this  way  is  usually  called  a  "  flying  shear." 

The  finishing  rail  or  girder  is  drawn  on  .one  side, 
allowed  to  cool,  and  is  ready  for  the  market. 

Plate  and  Sheet  Soils. — When  plate  or  pheet  is  being 


Fig.  89.— Slab  Rolls  for  Armour  I'lab. 


rolled  the  first  mill  is  called  the  slabbing  mill,  because 
it  is  intended  to  produce  flat  slabs  instead  of  billets.  The 
rolls  are  plain  or  are  provided  at  the  end  with  one  or 
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more  "  passes,"  by  which  a  square  billet  can  be  produced 
if  necessary.  The  rolls  are  about  the  same  size,  and  the 
general  arrangements  are  much  the  same  as  for  a  cogging 
mill  for  billets.  The  ingot  is  passed  through  the  rolls  till 
it  is  as  long  as  the  slab  is  intended  to  be  wide,  then  it 
is  turned  round  and  passed  in  the.  other  direction  until 
the  thickness  is  reduced  to  the  required  amount,  usually 
3  or  4  in.  It  is  then  sheared  exactly  in  the  same  way  as  in 
the  case  of  blooms,  except  that  as  it  is  often  necessary  to 
produce  plates  of  a  definite  size,  slabs  of  suitable  weight 
must  be  provided.  Attached  to  the  frame  of  the  shears, 
therefore,  is  a  graduated  scale  by  which  the  size  of  the  slab 
cut  off  can  be  accurately  measured.  (Fig.  89,  Slab  Rolls 
for  Armour  Plate.) 

The  slab  will  usually  need  reheating.  In  many  cases, 
no  doubt,  it  would  be  possible  to  finish  at  one  heat,  but 
the  surface  of  the  slab  will  have  considerably  cooled; 
indeed,  when  it  is  sheared,  the  interior  is  visibly  much 
hotter  than  the  exterior,  and  as  the  rolling  of  a  large  mass 
of  metal  at  a  low  temperature  would  throw  great  stress 
upon  the  rolls,  it  is  found  better  to  reheat  the  slab.  (Fig. 
90,  Plate  Shears.)  The  slab  is  therefore  transferred  at 
once  to  a  reheating  or  soaking  furnace,  and,  after  being 
"  soaked  "  for  an  hour  or  so,  is  transferred  to  the  plate 
mill. 

The  Plate  Mills. — This  consists  of  two  pairs  of  roHs 
coupled  and  driven  together  (Fig.  91).  They  are  up  to  36 
in.  in  diameter,  and  the  length  varies  acpording  to  the  size 
plate  which  is  to  be  rolled.  The  first  pair  are  of  steel  or 
iron,  but  the  last  pair,  which  have  to  finish  the  plate,  are  of 
chilled  iron,  as  a  chilled  roll  gives  a  better  surface  than  one 
of  steel.  As  the  roll  gets  much  hotter  in  the  middle,  and 
therefore  expands,  it  is  turned  very  slightly  taper  towards 
the  middle,  otherwise  the  plate  would  be  of  unequal  thick- 
ness and  would  tend  to  buckle.  To  prevent  undue  heating 
the  rolls  are  kept  cool  by  a  constant  stream  or  shower  of 
water,  and  during  rolling  the  surface  of  the  plate  is  con- 
tinually brushed  with  a  broom  of  brushwood  to  remove 
the  scale.  The  plate  must  be  transferred  from  the  first  to 
the  second  set  of  rolls,  and  this  is  done  by  the  use  of  a 
movable  table  with  live  rollers.  This  is  usually  sunk  into 
the  ground  so  that  the  top  is  at  the  floor  level    and   it 
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can  be  moved  bodily  with  the  plate  on  it  from  the  first  of 
one  pair  of  rolls  to  that  of  the  other,  and  thus  manual 
labonr  is  saved. 

When  the  plate  has  been  reduced  to  the  required  thick- 
ness by  passing  through  both  sets  of  rolls,  it  is  either 
received  on  to  a  bogie  or  seized  by  tongs  attached  to  a 
chain  and  drawn  to  the  cooling  floor.  This  is  an  exten- 
sive floor  covered  with  iron  plates,  sometimes  perforated, 
with  an  air  space  below,  and  there  the  plate  is  allowed  to 
cool. 

When  cool  it  is  straightened  either  by  hammering  with 
a  mallet,  rolling  on  the  floor  with  a  heavy  roll,  or  by  pass- 


Fig.  91.— Plato  Rolls, 

ing  through  a  plate  straightener,  a  machine  which  con- 
sists of  a  series  of  rollers  through  which  the  plate  is  passed. 

Shears. — The  plate  will  always  be  larger  than  is  re- 
quired, and  sometimes  may  be  cut  up  into  two  or  three 
smaller  plates,  and  the  edges  will  always  be  rough  and 
irregular,  so  that  it  will  be  necessary  to  remove  them.  The 
exact  dimensions  of  the  required  plate  are  marked  on  the 
plate  by  means  of  a  string  and  chalk,  and  the  plate  is 
taken  to  the  shears. 

The  plate  is  either  lifted  by  hand,  a  number  of  men 
standing  round  and  lifting  by  means  of  a  two-pronged 
fork,  or  it  may  be  rested  on  a  hogie  or  swung  by  a  crane, 
and  carried  to  the  shears,  where  it  is  cut.  As  the  cut 
of  the  shears  will  usually  be  much  shorter  than  the  width 
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of  the  plate,  the  plate  must  be  held  firmly  in  poBition 
aod  advanced  after  the  stroke  in  such  a  way  that  the 
cutting  is  in  a,  straight  line.  To  do  this  requires  con- 
siderable skill. 

Sheets. — Sheets  arc  thinner  than  plates.  When  the 
thickness  is  below  J  in.  it  is  a  sheet,  above  that  thickness 
a  plate.  Sheets  are  rolled  in  small  mills  much  in  the 
same  way  as  plates,  except  that  when  reduced  to  a  certain 
thickness  they  are  passed  through  the  rolls  two  to  four 
at  oncQ,  the  sheets  being  separated  by  passing  them  through 


Fig.  92,  — Forging  Press. 

a  mill  which  bends  them  alternat«Iy  upwards  and  down- 
wards, by  which  the  uniting  film  of  oxide  is  broken  up. 
The  ^eets  are  then  straightened  in  a  straightening 
machine. 

Forging  with  the  Press. — The  hammer  is  not  efficient 
with  large  masses  of  metal,  as  the  impact  is  largely  taken 
up  by  the  outer  layers  of  the  material,  and  the  inside  of 
the  mass  does  not  get  pressed  at  all.  The  roll  is  more 
satisfactory,  hut  the  limit  of  pressure  that  can  be  at- 
tained by  rolls  is  soon  reot^hed  and  is  not  sufficient  for 
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very  heavy  work,  and  for  dealing  with  large  masses  of  metal 
the  hydraulic  press  is  the  most  satisfactory.  The  forging 
press  (Fig.  92)  is  essentially  a  hydraulic  press,  capable  of 
giving  a  very  high  pressure,  a  pressure  of  from  2  to 
4  tons  per  square  inch  being  required,  whilst  the  total  pres- 
sure may  be  over  10,000  tons.  The  cylinders  must  be  made 
of  steel — cast  iron  is  not  strong  enough — and  the  pressure 
may  be  obtained  either  direct  from  the  pumps  or  by  means 
of  an  accumulator.  The  ingot  is  carried  by  a  porter  bar, 
being  held  in  place  by  a  screw  collar  or  other  means,  and 
to  facilitate  turning  the  ingot  is  balanced  by  balance 
weights  on  the  end  of  the  bar,  whilst  the  bar  itself  is 
carried  by  chains  from  an  overhead  crane. 

The  slab  or  ingot,  having  been  heated  to  the  required 
temperature,  is  put  under  the  press  and  pressure  is  put 
on.  The  ram  is  lifted,  the  ingot  is  turned  if  necessary, 
and  again  pressed,  and  so  on  as  required.  When  a  flat 
plate  is  being  made  the  anvil  and  pressing  surface  of  the 
press  are  flat,  but  these  may  be  so  shaped  as  to  forge 
articles  of  any  required  form.  It  is  difficult  to  compare 
the  work  of  a  hammer  with  that  of  a  press,  since  the  one 
acts  by  impact  and  the  other  by  pressure.  Many  esti- 
mates have  been  made,  but  they  are  probably  of  little 
value.  The  nearest  is  probably  that  of  Mr.  C.  Davy,  who 
states  that  a  3,50P-ton  press  is  about  comparable  with  a 
IQO-ton  hammer. 

The  largest  press  at  present  in  use  is  that  at  Home- 
stead, which  has  a  capacity  of  14,000  tons,  whilst  that  of 
Messrs.  Beardmore,  at  Parkhead,  is  12,000  tons.  It  is 
stated  that  at  Homestead  a  50-ton  armour  plate  has  been 
reduced  2  in.  in  thickness  by  each  squeeze  under  a  10,000- 
ton  press. 

Cold  Working. — For  some  purposes — as,  for  example, 
wire  drawing  and  solid  tube  drawing — ^the  metal  is  worked 
cold.  Cold  working  produces  hardness  and  brittleness, 
and  therefore  the  article  must  be  annealed  from  time  to 
time.  This  is  done  by  heating  it  in  a  muffle  furnace  if  it 
is  of  considerable  size,  or  in  a  close  box  packed  in  some 
material  to  exclude  all  air  if  it  is  so  small  that  oxidation 
might  destroy  it.  When  annealed  in  contact  with  air,  the 
article  is  pickled  in  dilute  acid  to  remove  scale  before 
work  is  resumed. 


170 


CHAPTER  XIII. 

MICROSCOPIC   STBUCTUBE   OF   STEEL. 

The  use  of  the  microscope  for  the  examination  of  metals, 
first  suggested  by  Dr.  Sorby  about  1864,  has  gradually 
extended,  and  now  has  come  into  general  use.  Very 
valuable  information  as  to  the  structure  of  steel  has  been 
obtained,  and  technical  methods  of  examination  have  been 
developed,  so  that  most  large  steel  works  now  have  a 
microscopic  as  well  as  a  chemical  laboratory. 

As  steel,  however  thin,  is  never  transparent,  the  sample 
must  always  be  examined  as  an  opaque  object,  and  to  allow 
of  the  use  of  high  powers  reflectors  are  used  in  the  tube  of 
the  microscope.  The  sample  having  been  cut  to  a  suitable 
size,  is  polished  until  it  is  perfectly  smooth  and  free  from 
even  microscopic  scratches.  It  is  then  etched  with  some 
suitable  etching  agent,  which  attacks  the  various  con- 
stituents in  different  degrees,  and,  therefore,  leaves  some 
standing  in  relief.  The  sample  may  either  be  examined 
by  oblique  illumination,  in  which  the  light  falls  on  the 
sample  at  an  angle,  or  by  vertical  illumination,  in  which 
case  the  light  is  reflected  vertically  downwards  in  the 
tube.  The  appearance  of  the  sample  is  often  very 
different  with  the  different  methods  of  illumination, 
portions  seeming  bright  under  the  one  often  seeming 
dark  under  the  other,  and  vice  versa;  in  the  illustrations 
given  V  indicates  vertical  illumination,  and  N  natural 
or  oblique  illumination.  When  high  powers  are  used  the 
illumination  is  always  vertical. 

At  the  outset  it  may  be  advisable  to  explain  what  the 
microscope  can  enable  us  to  detect  and  what  it  cannot, 
as  it  is  very  often  expected  to  do  that  which  is  impossible. 
Suppose  a  material  to  have  solidified  from  fusion,  it  may 

be~ 

(1.)  An  Element, — In  this  case  it  will  be  perfectly 
homogeneous,  except,  of  course,  for  possible  physical  im- 
perfections such  as  shrinkage  cavities.     It  will  probably 
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be  crystalline,  and  the  crystals  may  in  some  cases  show 
their  natural  form,  having  crystallised  or  grown  out  into 
the  molten  liquor,  which  has  subsequently  solidified 
around  them.  Such  crystals  are  said  to  be  idiomorphic. 
In  most  cases,  however,  the  distinct  form  of  the  crystals 
cannot  be  made  out.  As  they  hav6  grown  from  different 
crystallising  centres,  they  have  pressed  one  upon  another, 
so  that  in  appearance  the  whole  is  made  up  of  a  series 
of  more  or  less  irregular  grains.  These  are,  however, 
crystals,  the  external  form  of  which  has  been  destroyed 
by  mutual  pressure,  and  they  are  said  to  be  allotrio- 
morphic.  When  such  a  sample  is  etched,  the  crystals 
being  differently  arranged  or  the  orientation  being  differ- 
ent, that  is,  the  axes  not  being  parallel,  the  sections  of  the 
crystals  are  in  various  directions,  and  are  unequally  acted 
on  by  etching  agents,  so  that  the  crystal  grains  often 
appear  of  different  brightness  or  different  colour  and 
surrounded  by  a  thin  line.  These  are  optical  effects,  and 
do  not  indicate  any  difference  in  the  composition  of  the 
grains. 

(2.)  A  Chemical  Compound. — ^A  chemical  compound, 
being  chemically  homogeneous,  will  appear  exactly  like 
an  element. 

(3.)  A  Mixture. — ^A  mechanical  mixture  can  always  be 
distinguished  under  the  microscope  unless,  indeed,  the 
particles  be  too  small,  which  is  rarely  likely  to  be  the  case. 
The  constituents  of  a  mixture  will  necessarily  differ  in 
properties,  and,  therefore,  will  be  differently  acted  on  by 
etching  agents  or  by  colouring  agents,  so  that  they  may  be 
distinguished  and  recognised.  The  arrangements  of  the 
constituents  in  a  mixture  may  vary  very  much  indeed.  In 
almost  all  cases  the  constituents  will  have  been  in  solu- 
tion, the  one  in  the  other,  while  the  mass  was  liquid, 
and  the  separation  will  have  taken  place  during  or  after 
solidification.  When  the  separation  takes  place  during  the 
solidification,  the  substanee  of  higher  melting  point  solidi- 
fies first,  and  the  substance  of  less  fusibility  is,  therefore, 
forced  into  the  spaces  between  the  growing  crystals  and 
there  solidifies.  It  need  hardly  be  remarked  that  either 
of  the  constituents  may  be  an  element  or  a  compound. 

(4.)  Solid  Solution. — All  are  familiar  with  the  idea 
of  a  solution  as  formed  by  dissolving  a  solid  in  a  liquid. 
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as,  for  inBtance,  salt  in  water,  but  the  idea  of  solid  solu- 
tion is  not  BO  simple.  A  solution  is  not  a  mere  mixture, 
because  the  dissolved  solid  is  evenly  distributed  through 
tne  whole  bulk  of  the  solution,  in  particles,  probably  mole- 
cular, so  fine  that  no  microBcope,  however  powerful,  can 
distinguish  them,  and  they  cannot  be  separated  by  physical 
means ;  for  instance,  however  dense  the  solid  may  be 
compared  to  the  liquid,  it  will  show  no  tendency  to  sepa- 
rate under  the  influence  of  gravity.  Neither  is  a  solution 
a  chemical  compound,  because  the  constituents  ai'e  not 
present  in  any  definite  proportions  bearing  a  simple  ratio 
to  the  atomic  weights ;  these  proportions  may  vary  within 


Fig.  93. — EntectJc  of  Carbides  of  Iron  and  Manganese  in  Spiegeleiaen. 

wide  limits  without  materially  changing  the  properties  of 
the  solution,  and,  as  a  rule,  solution  is  attended  not  with 
the  evolution  of  heat  as  in  the  case  of  chemical  combina- 
tion, but  with  the  absorption  of  heat.  If  a  solution  of 
salt  could  be  solidified  into  ice  without  the  salt  separating, 
the  result  would  be  a  solid  solution — that  is,  a  solid 
body  which  still  retained  the  essential  properties  of  a 
solution.  The  elements  would  not  be  in  chemical  com- 
bination, nor  would  they  be  a  mere  mixture.  The  dis- 
solved substance  would  be  more  or  less  uniformly 
distributed,  and  no  microscope  could  detect  its  presence, 
and  in  solidifying  the  solid  solution  will  behave  in  all  re- 
spects like  an  element  or  a  compound. 


MIGB08G0PIG   STRUCTURE    OF   STEEL.        173 

EutecticB. — In  nearly  all  cases  with  which  we  shall 
have  to  deal,  the  iron  when  liquid  contains  some  foreign 
matter  in  solution.  The  foreign  constituents  are  slightly 
soluble  in  the  solid  condition,  so  that  what  seems  like 
an  element  or  a  compound  is  often  in  reality  a  solid  solu- 
tion, but  almost  always  the  dissolved  body  is  much  more 
soluble  in  the  liquid  than  in  the  solid  condition,  so  that 
as  solidification  takes  place,  a  portion,  at  least,  must 
separate.  (Fig.  93,  Eutectic  of  Carbides  of  Iron  and  Man- 
ganese in  Spiegeleisen.)  The  solidification  takes  place 
something  in  the  following  manner,  the  exact  details,  how^- 
ever,  varying  with  the  solubility  of  the  dissolved  substance, 
and  the  amount  of  it  which  is  present. 

All  elements  and  compounds  have  a  definite  solidifying 
point ;  that  is,  the  temperature  falls  until  solidification 
begins,  and  then  remains  constant  till  solidification  is 
complete.  The  presence  of  foreign  matter  in  solution,  as 
is  well  known,  lowers  the  melting  point,  and  produces 
other  changes  in  solidification.  The  point  at  which  solidi- 
fication begins  is  almost  always  lower  for  a  solution  than 
for  a  pure  substance,  and  is  lower  the  larger  the  amount 
of  the  dissolved  substance  present,  the  lowering  of  the 
freezing  point  being,  for  the  same  dissolved  substance, 
proportional  to  the  amount  which  is  present.  Solidifica- 
tion begins  at  a  definite  temperature — always  lower  than 
the  freezing  point  of  the  pure  substance.  As  soon  as 
solidification  begins,  the  substance  of  higher  freezing 
point  /partly  solidifies,  and  ejects  some  of  the  substance 
held  in  solution,  thus  leaving  a  mother  liquor  stronger  in 
the  dissolved  substances,  and  the  solidification  proceeds, 
each  portion  that  solidifies  throwing  out  some  of  the  dis- 
solved substance,  and  thus  stil  increasing  the  concentra- 
tion of  the  mother  liquor  and  lowering  its  freezing  point. 
Such  a  solution,  therefore,  has  no  definite  freezing  point, 
but  gradually  solidifies  as  the  temperature  falls.  At 
last  a  temperature  is  reached  when  the  mother  liquor 
solidifies  as  a  whole,  but  as  it  solidifies  the  solvent  and  the 
dissolved  body  separate,  but,  of  course,  remain  inter- 
mixed. Such  a  solidified  mother  liquor  in  the  solid 
condition  is  not  a  chemical  compound  nor  a  solid 
solution  but  a  mixture  of  the  solvent  and  the  dissolved 
body,  is  called  a  ^^  Eutectic.''    If  the  solidification  has  been 
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alow,  it  frequently  conBiBtB  of  more  or  less  parallel  plates 
of  the  two  constituents,  which  can  be  easily  distinguished 
under  the  microscope,  but  if  the  solidification  has  been 
very  rapid,  the  two  constituents  may  remain  in  an  emul- 
sified condition,  the  particles  being  so  small  that  their 
detection  is  very  difficult. 

Changes  after  Solidification.  ^As  the  particles  retain 
more  or  less  mobility  at  a  high  temperature,  changes  may 
take  place  after  solidification,  especially  if  the  cooling  is 
very  slow.     These  changes  may  be  either  of  the  nature  of 


Fig:.  94.— Swedish  Charcoal  Iron  Fig.  95.— Pearlite   (Laminitted), 

(Carbon  -03  per  cent.),  shoiv- 
ing  Ferrite. 

segregation,  i.e.  the  more  complete  separation  of  the  con- 
Btituents,  or  of  the  nature  of  diffusion,  by  which  the 
differences  produced  during  solidification  may  be  reduced 
or  destroyed. 

Scope  of  Hicroscopio  EzaminatioD .— The  power  of  the 
microscope  is  confined  to  the  detection  of  distinct  con- 
stituents which  are  mechanically  mixed,  and  to  the  deter- 
mination of  the  general  crystalline  structure,  which  is  too 
fine  to  be  detected  by  the  eye,  and  beyond  that  it  cannot 
go.  It  gives  no  power  of  detecting  whether  a  homogeneous 
substance  is  an  element,  a  compound,  or  a  solid  solution. 
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Microscopic  Constituents  of  Steel. 

Pure  Iron. — Pure  iron  is  an  element,  and  therefore 
all  that  the  microscope  can  show  is  its  structure.  It  is 
found  to  consist  of  more  or  less  irregular  polygonal  grains, 
which  are  allotriomorphic  crystals.  Microscopically,  pure 
iron  is  known  as  ferrite,  but  ferrite  is  not  always  pure 
iron,  because  it  may  contain  a  considerable  quantity  of 
silicon,  manganese,  nickel,  or  other  constituents  in  solid 
solution  without  any  alteration  in  its  appearance.  It  is 
then  often  spoken  of  as  silicon-ferrite  or  manganese- 
ferrite.  Ferrite  is  the  basis  of  malleable  iron,  mild  steel, 
and  grey  cast  iron.  Fig.  94  shows  a  section  of  Swedish 
charcoal  iron  (carbon  02  per  cent.)  showing  the  ferrite. 

Pearlite. — ^When  a  steel  containing  about  '89  per  cent, 
of  carbon  is  allowed  to  cool  slowly,  and  is  then  examined 
under  the  microscope,  it  is  -found  to  have  a  peculiar  banded 
structure,  a  structure  which  is  at  once  seen  to  resemble  that 
already  described  as  belonging  to  a  eutectic  (Fig.  95).  It  is 
not,  however,  a  eutectic  because  it  is  not  formed  when  the 
metal  solidifies  from  fusion,  but  by  after  changes  which 
will  be  described  in  the  next  chapter.  It  is  called  Pearl- 
ite. It  was  discovered  by  Dr.  Sorby,  and  was  called  by 
him  the  pearly  constituent,  because  of  the  play  of  colours 
like  mother-of-pearl  it  gives  under  some  illuminations. 
On  examination  it  has  been  found  that  its  separate 
plates  are  ferrite,  and  the  definite  carbide  of  iron  FcaC, 
"^hich  is  known  in  metallography  as  cementite,  so  that 
pearlite  is  alternate  layers  of  cementite  and  ferrite.  As 
cementite  Fe^C  contains  6'7  per  cent,  of  carbon,  the 
pearlite  must  contain  13*4  per  cent,  of  cementite,  and 
86"6  per  cent,  of  ferrite,  and  pearlite  has  always  the 
same  composition. 

A  steel  which  contains  '89  per  cent,  of  carbon,  and 
which,  therefore,  is  entirely  made  up  of  pearlite,  is  called 
a  saturated  or  Eutectoid*  steel,  and  it  is  a  steel  of  definite 
composition  and  properties. 

A  steel  which  contains  less  than  '89  per  cent,  of  carbon 
is  called  a  hypo-eutectoid.or  hypo-saturated  steel  (Fig.  96). 
Under  the  microscope  it  is  seen  to  consist  of  a  mixture  of 

♦  The  terms  Eutectic  and  Aeolic  have  also  heen  suggested,  with,  of 
course,  the  corresponding  hypo  and  hyper. 
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free  ferrite  with  pearlitc,  which,  of  course,  also  contains 
ferrite.  The  amount  of  pearlite  will  always  be  the  per- 
centage of  carbon  multiplied  by  112-2,  and  the  percentage 
of  cementite  in  the  pearlite  will  be  the  percentage  of 
carbon  multiplied  by  15. 

The  arrangement  of  the  pearlite  varies  very  much ;  it 
may  be  only  in  small  quantities  scattered  through  the 
mass,  or  it  may  constitute  nearly  the  whole  mass,  the 
ferrite  being  reduced  almost  to  thin  strings. 

Cementite. — When  the  steel  contains  more  than  "SS 
per  cent,  of  carbon,  it  is  called  a  by per-satu rated  or  hyper- 


Vig.     at*.— Hjpo-euWctoid  Steel        Fi^.  97.— Kolled  Steel  (1-3  pet  cent. 
(■65  pec  cent  Carbon),  showing  Carbon),  Hbowing  Cementite   Fila- 

Ferrite  and  Pearlite,  ments  surcoanding  Pearlite  Areas. 

eutcctoid  steel.  It  now  consists  of  pearlite  as  before,  but 
in  addition  there  ia  a  hard  substance  which  takes  a  bright 
polish,  and  which  is  the  carbide  Fe,C  already  mentioned, 
and  which  in  this  connection  is  called  cementite,  because 
of  its  occurrence  in  cement  bar.  (Fig.  97,  1"3  per  cent. 
Carbon  Steel  [as  rolled]  showing  Cementite  filaments 
surrounding  Pearlite  Areas.)  In  such  a  steel  there  will 
be  both  free  cementite  and  the  cementite  in  the  pearlite, 
but  no  ferrite,  so  that  it  may  be  said  that  in  slowly 
cooled  steels,  cementite  and  ferrite  do  not  occur  together. 
As  the  highest  amount  of  carbon  which  iron  can  take  up 
ia  about  4  per  cent.,  the  mass  can  never  be  pure  cementite. 
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The  amount  of  cemcDtitc  will  be,  as  before,  the  percentage 
of  carbon  x  15,  and  the  excess  cementite  will  be  the  amount 
above  that  required  to  form  pearlite. 

Fig.  106  shows  diagrammatically  the  percentages  of 
ferrite,  pearlite,  and  cementite  in  steels  of  various  com- 

(7arion..— When  very  high  carbon  iron  is  slowly  cooled, 
and  specially  in  the  case  of  grey  pig  iron,  where  the  quan- 
tity of  silicon  present  is  large,  the  cementite  undergoes 
partial  or  complete  decomposition  into  ferrite  and  carbon, 
and  the  latter  separates  either  in  the  form  of  irregular 


Fig.  98,— Mftrteosite,  '947  per  cent.  Ctirbon  8te«!  Water-quenched 

black  masses  of  temper  carbon,  or  in  distinct  crystalline 
flakes  of  graphite. 

Hardenite  and  Martensite*  (Fig.  98). — In  what  has  been 
said  above  it  has  been  assumed  that  the  steel  has  been  cooled 
very  slowly,  so  as  to  allow  all  the  constituents  time  to 
rearrange  themselves.  When  this  is  not  the  case  the  result 
is  very  different.  When  a  steel  containing  '9  per  cent,  of 
carbon  is  suddenly  cooled,  pearlite  is  not  formed,  but  in 
place  of  it  is  a  nearly  structureless  mass,  which,  under 
some  conditions,  shows  a  structure  made  up  of  fine  inter- 
lacing needles.     This  is  called  Hardenite.     It  has  the  same 

*  Howe  uses  the  term  Aiutenite  aa  ay 
this  is  objectionable,  as  it  ia  likely  to  lead  U 


178  STEEL, 

composition  as  Pearlite,  and  is  sometimes  regarded  as  be- 
ing a  definite  carbide  having  the  formula  Fe24C,or  as  being 
a  solution  of  the  ordinary  carbide  or  of  carbon  in  iron. 

When  a  mass  of  steel  containing  up  to  2  per  cent,  of 
carbon  is  suddenly  quenched  the  structure  depends  on  the 
temperature  from  which  it  is  quenched.  At  very  high  tem- 
peratures, above  1130°  C,  even  with  2  per  cent,  of  carbon 
tne  mass  will  be  nearfy  structureless,  but,  quenched  at 
lower  temperatures,  the  amount  of  carbon  that  is  retained 
will  be  less,  cementite  gradually  separating,  so  that  the 
resulting  Martensite  gradually  becomes  poorer  and  poorer 
in  carbon,  till  it  reaches  the  Hardenite  composition  with 
'89  per  cent,  of  carbon.  Whatever  may  be  the  actual  com- 
position of  Hardenite,  Martejisite  is  always  regarded  as 
being  a  solution  of  carbon  or  perhaps  of  the  carbide  ¥efi 
in  iron. 

When  steels  lower  in  carbon  than  "89  per  cent,  are 
suddenly  quenched  the  carbon  remains  in  the  form  of 
Hardenite,  which  may  be  mixe"d  with  ferrite.  As  Mar- 
tensite is  allowed  to  cool  over  what  is  called  its  critical 
point,  690°  C,  it  breaks  up  or  segregates  into  pearlite, 
or,  if  it  be  Martensite  with  more  than  '89  per  cent,  of  car- 
bon, into  pearlite  and  free  cementite,  so  that  the  con- 
stitution of  steel  will  vary  according  to  the  way  in  which 
it  has  been  cooled,  and  steels  may  be  divided  into  three 
groups,  according  to  the  carbon  content  and  the  rate  at 
which  they  have  been  cooled. 

(1.)  The  unhardened  or  pearlite  series,  in  which  the 
carbon  is  mainly  present  as  pearlite,  with  either 
free   ferrite  or   free  cementite,   according  to   the 
percentage  of  carbon. 
(2.)  The  hardened  or  Martensite  series,  in  which  the 
cooling  has  been  very  rapid,  pearlite  and  ferrite 
absent,   and  the  mass  is  made  up  of  Martensite 
with  or  without  cementite. 
(3.)  The   normal   series,    which   are   intermediate   be- 
tween the  two.     The  structure  may  be  irregular, 
both  structures  1   and  2  being  present  in  parts, 
but  the  whole  usually  approximating  more  or  less 
closely  to  1. 
If  it  be  desired  to  include  all  varieties  of  the  iron- 
carbon  series  another  group  must  be  added. 
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(4.)  The  graphito-pearlite,  or  grey  cast  iron,  series,  in 

which  the  combined  carbon  is  present  as  pearlite, 

but    there    is    also    a    considerable    quantity    of 

graphite. 

The   following   table,   condensed   and   slightly   altered 

from  Howes'   "  Alloys,*'  will  show  the  general  structure 

of  the  iron  carbon  series  : — 

Pearlite    Series. 


Name  and 
Carbon  per  cent. 


1.  Wrought  iron 

006  to  0-30 

2.  Low  carbon  steel 

0-05  to  0  30 

3.  Medium  carbon  steel 

0-30  to  -89 

4.  High  carbon  steel 

•89  to  200 

6.  White  cast  iron 

20  to  4-50 


Microscopic  Composition. 

^' 

'^ 

4^ 

1 

Free 
Ferrit 

Free 
Cenient 

! 

C3» 
1 

5-6 

94-5 

0-2 

to 

to 

■— 

to 

32*3 

47-7 

2  0 

5-6 

94-5 

to 

to 

— — 

— 

— - 

32-3 

47-7 

32-3 

47-7 

to 

to 

— 

— ~ 

— 

100 

0 

100 

0 

some- 

to 

— . 

to 

times 

89 

21 

a  trace 

96*0 

0 

0 

0-0 

to 

to 

to 

to 

— 

72-6 

4 

27-5 

1-0 

Uses. 


J  Boilers,  ship 
and     struc- 
tural steel, 
i  Axles,  shaft- 
J.  ing,     tyres, 
I  rails,  etc. 
Little    used 
in  the    soft 
condition. 

Chilled  cast 
^  iron. 
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6.  Grey  cast  iron 

2-0  to  4-50 


0*0 

97-6 

2-50 

' 

to 

to 

— 

to 

i 

100 

0 

4-50 

J 

Castings. 


Mottled  iron  stands  between  5  and  6  in  composition. 

Martbnsitb   Series. 
Nam£.  Carbon  per  cent.      Microscopic  constitution.  Uses. 

7.  Low  carbon       |  005to0-30  (  Martensite  with   but 
steel  I  1      little  carbon 


}  005  to  0-30  {"^r^^C"^'  ^"*j  Little  used. 

8.  Medium  carbon  \  o-iotoO-SQ  i  ^^  carbon  Marten-  (  Long  springs 

steel  J  u  ou  lo     ov  ^      g.^^  ^  Hardenite      j    (tempered). 

9.  High  carbon      i  Q.gg  ^  g  (  ^^?^  carbon  Marten-  ^     Tools,  etc. 

steel  )  I      site.  f    (tempered). 


10.  Chilled  cast 
iron 


{High  carbon  Marten- 
site  with  dissemin- 
ate carbon 
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Microscopic  Appearance  of  Iron  and  Steel.— It  is  now 
necessary  to  describe  and  illustrate  the  microscopic  ap- 
pearance of  the  various  steels. 

(1.)  Malleable  Iron, — The  characteristics  of  malleable 
iron  are  the  low  percentage  of  carbon  and  the  presence  of 
intermixed  slag  and  oxide.  The  mass  of  the  metal  consists 
of  irregular  grains  (allotriomorphic  crystals)  with  here 
and  there  small  particles  of  pearlite,  these  being,  of 
course,  more  numerous  as  the  percentage  of  carbon  in- 
creases. The  slag  appears  in  irregular  masses  of  large 
size  when  the  metal  has  not  been  worked,  but,  when  the 
metal  has  been  worked  well,  in  small  dots  when  the  sec- 
tion is  at  right  angles  to  the  direction  of  rolling,  and  in 
long  strings  when  the  section  is  taken  parallel  to  the  direc- 
tion of  rolling. 

(2.)  Hypo-saturated  (Hypo-eutectoid)  Steels, — These 
steels  contain  from  the  merest  trace  up  to  89  per  cent,  of 
carbon.  When  the  steels  have  been  slowly  cooled,  the 
carbon  is  all  in  the  form  of  pearlite,  so  that  microscopic- 
ally the  steel  consists  of  a  ground  mass  of  ferrite,  with  a 
certain  amount  of  pearlite  in  it.  The  amount  of  pearlite 
will,  of  course, .  vary  very  much.  The  pearlite  may  be 
present  in  islands  larger  or  smaller,  according  to  the 
amount  present,  surrounded  by  a  sea  of  ferrite,  or  the 
ferrite  may  be  reduced  so  as  to  form  continuous  skeleton, 
or  it  may  1)e  reduced  as  the  carbon  increases  to  a  skeleton 
of  thin  lines  breaking  up  the  mass  of  pearlite. 

When  a  steel  of  this  kind  is  suddenly  cooled,  the  struc- 
ture varies  both  with  its  composition  and  the  temperature 
from  which  it  was  quenched.  The  temperatures  are  best 
indicated  by  the  critical  points  Arj  (about  86°  C),  Arg 
(about  750°  C),  and  Ar,  (about  690°  C.),  the  exact  mean- 
ing of  which  will  be  explained  in  the  next  chapter.  When 
a  steel  containing  about  0*1  per  cent,  carbon  is  quenched 
from  a  temperature  above  Arg,  it  consists  of  a  mass  of 
low  carbon  Martensite  broken  up  by  a  skeleton  of  ferrite. 
Quenched  at  lower  temperatures,  but  above  Ar^,  the  Mar- 
tensite decreases  in  quantity,  and  therefore  increases  in 
carbon  content,  whilst  the  ferrite  increases. 

When  the  percentage  of  carbon  is  much  above  '1, 
quenched  above  Arj,  the  mass  is  made  up  entirely  of  Mar- 
tensite, while  between  Arj  and  Ar^  the  structure  is  the  same 
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as   that   described    above,    except   that   the   quantity    of 
Martensite  is  much  larger. 

(3.)  Saturated  or  Eutectoid  Steel — ^.e.  steel  with  about 
89  per  cent,  of  carbon.     Cooled  slowly,  or  quenched  below 
Afj,  the  whole  mass  is  pearlite;  quenched  above  Ar^,  it  is 
Martensite  or,  in  this  case,  hardenite. 

(4.)  Hyper-saturated  or  Hyper-eutectoid  Steel.  — 
Quenched  below  Afj,  or  allowed  to  cool  slowly,  the  sec- 
tion shows  a  ground  mass  of  pearlite,  broken  up  by  a 
skeleton  of  cementite,  which,  in  the  case  of  very  high  car- 
bon steels,  may  be  broken  up  into  islands.  Quenched  at 
higher  temperatures,  the  ground  mass  is  Martensite, 
through  which  are  scattered  islands  of  cementite. 

Other  Micro-constituents  in  SteeL — The  micro-constitu- 
ents of  steel  described  above  are  those  which  may  be 
called  essential.  There  are  others  which  are  produced 
under  certain  conditions,  and,  these  being  transition 
forms,  their  claim  to  be  considered  as  constituents  has 
been  disputed.  As  the  names  are,  however,  regularly  used, 
they  must  be  understood. 

Minor  Constituents. — Three  such  constituents  have 
been  described,  and  the  more  important  of  them  will  be 
referred  to  again  in  the  next  chapter.     They  are  : — 

Sorbite,  Trosotite,  and  Austenite. 

Sorbite. — It  has  been  pointed  out  that  steels  consist  of 
various  constituents,  according  to  their  composition  and 
rate  of  coolijig.  The  separation  of  these  constituents  takes 
time,  and  if  the  change  of  temperature  be  too  rapid  to 
allow  of  complete  separation,  intermediate  products,  con- 
sisting of  more  or  less  unseparated  or  unsegregated  con- 
stituents, will  result.  In  the  case  of  a  low  carbon  steel 
slowly  cooled  the  constituents  are  ferrite  and  pearlite, 
whilst  in  a  high  carbon  steel  they  are  pearlite  and  cement- 
ite. If  the  cooling  is  so  slow  as  to  allow  the  Martensite 
to  break  up  into  the  ferrite  and  cementite,  but  not  suffici- 
ently slowly  to  allow  these  to  separate  as  distinct  plates, 
the  steel  is  said  to  have  a  sorbitic  structure,  or  sorbite  is 
said  to  be  produced.  Sorbite  may  therefore  be  regarded 
as  unsegregated  pearlite.  It  is  readily  coloured  by  tinc- 
ture of  iodine,  but  shows  no,  or  at  least  only  incipient, 
striae.  (Fig.  99,  13  per  cent.  Carbon  Steel  Oil-tem- 
pered.) 
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Trosotite. — When  a  steel  is  quenched  Just  at  the  recales- 
cence  of  critical  point  the  passage  of  Marterisite  into 
pearlite  is  hindered.  A  trosotite  is  produced.  This, 
therefore,  is  also  a  transition  form. 

Austenite. — The  nature  of  this  constituent  is  very  un- 
certain. It  is  produced  when  steel  containing  about  1'5 
per  cent,  of  carbon  is  suddenly  quenched  in  iced  brine 
from  above  1,000°.  It  is  softer  than  Martensite,  and  can. 
be  scratched  with  a  needle,  while  Martensite  cannot.  It  is 
not  coloured  by  nitrate  of  ammonium.  Professor  Hone 
uses  the  term  Aust«nite  for  the  stable  condition  of  the 
solid  solution  of  carbon  in  iron,  or  whatever  else  it  may  be, 


which  is  the  basis  of  hardened  steels,  considering  Mar- 
tensite as  being  only  an  arrested  stage  of  the  transforma- 
tion of  Austenite  into  fcrrite  and  cementite.  (Fig.  100, 
16  per  cent.  Carbon  Steel,   Brine-quenched.) 

Microstrncture  of  Irons. 

Cast  Iron.— As  closely  related  to  the  structure  of  steel, 
a  brief  account  may  be  given  here  of  the  microstructure  of 

There   are  two   quite    distinct  varieties  of  cast  iron, 
distinct  as  to  character,  composition,  and  uses — grey  and 
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Grey  Cast  Iron  (Fig.  101)  is  characterised  by  the  pres- 
ence of  a  large  quantity  of  free  graphite  and  only  a  sm&ll 
quantity  of  combined  carbon.  The  graphite,  under  the 
microscope,  appears  as  minute  straight  or  curved  lines. 
The  combined  carbon  is  present  as  pearlite,  much  in  the 
same  form  as  in  steel  containing  the  same  amount  of  car" 
bon.  The  ferrite,  however,  is  not  pure  iron,  as  In  steels, 
but  contains  a  large  quantity  of  silicon  and  manganese 
in  solution,  so  that  it  is  a  silicon-manganese  ferrite.  Grey 
cast  iron  may  therefore  be  regarded  as  being  closely  related 


Fig.  101.— Grey  Cast  Iron. 

to  steel,  the  differences  being  the  compound  nature  of  the 
ferrite  and  the  presence  of  the  free  graphite. 

White  Cast  Iron  contains  moat  of  its  carbon  in  the  com- 
bined condition,  and  consists,  therefore,  of  a  mixture 
of  pearlite  and  cementite,  together  with  carbide  of  man- 
ganese, the  ferrite  of  the  pearlite  also  containing  some 
silicon  and  manganese.  (Pig.  102,  Micro  Section  of  White 
Iron.) 

Accidental  Constituente  in  Steel. — The  constituents  of 
steel  described  above  are  due  entirely  to  the  carbon  and 
iron,  and  may  therefore  be  regarded  as  being  essential 
to  the  steel  under  the  existing  conditions  of  composition 
and  cooling,  but  other  constituents  or  impurities  may  be 
present  which  may  modify  the  structure.  , 
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Silicon,  Manganete,  and  Niekel  do  not  form  separate 
aod  distinct  constituents,  but  dissolve  in  the  ferrite,  some- 
what altering  its  character  and  forming  silicon,  man- 
ganese, or  nickel  ferrite,  as  the  case  may  be. 

Sulphur. — Sulphur  existing  as  sulphide  of  iron  tends 
to  form  a  thin,  mesh-like  structure  surrounding  the  grains 
of  iron.  On  the  addition  of  manganese  more  or  less 
definite  grains,  probahly  of  sulphide  of  manganese,  are 
formed.  The  presence  of  a  separated,  brittle,  and  fusible 
material,  such  as  a  sulphide  of  iron,  even  in  small  quan- 


i.) 

tity,  would  account  for  the  red-shortness  of  steel  contain- 
ing sulphur. 

I'hosphorus.^^Iron  can  retain  phosphorus  to  the  ex- 
tent of  about  17  per  cent,  in  solid  solution,  so  that  it  does 
not  show  under  the  microscope,  as  far,  at  least,  as  definite 
structure  is  concerned,  except  that  the  presence  of  phos- 
phorus seems  to  lead  to  increased  size  of  grain  in  the 
metal,  but  on  etching  with  very  dilute  nitric  acid  the 
polished  surfaces  become  transiently  coloured,  the  colour 
disappearing  on  continued  etching,  but  a  brown,  or  ulti- 
mately black,  stain  being  left  on  the  surface  of  the  metal. 
When  the  quantity  of  phosphorus  is  targe  a  eutectic 
containing  102  per  cent,   of  phosphorus  cryatalliseB  out, 
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ToUd. 


and  when  there   is  more  phosphorus  than  this,   definite 
crystals  of  FejP   separate. 

In  presence  of  carbon  the  quantity  of  phosphorus  that 
can  be  held  in  solution  is  very  much  less,  and  gradually 
decreases  as  the  amount  of  carbon  increases.  The  follow- 
ing table,  given  by  Mr.  Stead,  shows  the  effect  of  the 
addition  of  carbon  to  an  iron  saturated-  with  phos- 
phorus : — 

Phosphorus. 
Free  Fe^P.         In  soluti4yn. 
Nil 
0-18 
0-59 
100 
1-06 
116 
1-18 
1-40 

The  phosphide  eutectic  may  separate  as  a  brittle  envelope 
surrounding  the  grains  of  iron. 

When  the  carbon  rises  above  2  per  cent.,  the  eutectic 
is  of  a  complex  character,  containing  iron,  carbon,  and 
phosphorus.  In  pig  irons  it  often  separates  in  distinct; 
globules.  Fig.  103  is  a  section  showing  the  phosphide  of 
iron  eutectic  (10'2  per  cent.  P.),  and  Fig.  104  is  a  section 
showing  the  phosphide  of  iron  crystals. 


Carbtm 

No. 

per  cent. 

1     ... 

...         Nil 

2     .,, 

...      0125 

3     ... 

...       0180 

4     ... 

...      ()-70 

5    ... 

...      0-80 

6    ... 

...       1-40 

7    ... 

...      200 

8    ... 

...      3-50 

1-75 

1-76 

1-37 

1-55 

1-18 

1-77 

0-7/) 

1-75 

0-20 

1-76 

0-60 

1-76 

0-55 

1-73 

0-31 

1-71 
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CHAPTER  XIV. 

HEAT  TREATMENT  OF  STEEL.      THEORY  OF  STEEL. 

Hardening.  — The  effect  of  quenching  or  sudden  cooling  on 
steel  has  been  already  mentioned.  In  the  case  of  high 
carbon  steels,  the  metal  becomes  hard,  and  more  or  less 
brittle.  The  tensile  strength  is  increased,  but  the  dura- 
bility is  diminished.  It  is  usually  stated  that  oi](ly  high 
carbon  steels  are  hardened  by  sudden  cooling.  This, 
however,  is  not  correct;  all  varieties  are  more  or  less  in- 
fluenced, but  the  change  is  the  greater  the  larger  the  pro- 
portion of  carbon  present,  and,  therefore,  it  is  only  for 
high  carbon  steels  that  the  process  is  commercially  used. 

The  change  from  the  hard  to  the  soft  condition  takes 
place  during  a  comparatively  short  range  of  temperature, 
somewhere  below  700°  C,  which  is,  therefore,  called  the 
critical  temperature,  and  the  more  rapidly  the  cooling 
takes  place  through  that  particular  range,  the  harder  will 
the  metal  be.  Rapidity  of  cooling  down  to  or  beyond  the 
critical  range  has  but  little  influence. 

The  following  figures,  given  by  Professor  Howe,  show 
the  effect  of  variations  in  the  speed  of  cooling : — 

Cooled  in 

Iced  brine  . . . 
Cold  water  ... 
Oil 

xxIF    ,,,  ... 

In  furnace  . . , 

The  cooling  in  air  represents  normal  cooling,  whilst 
that  in  the  furnace  will  be  extremely  slow. 

In  practice,  water  and  oil  are  the  two  hardening 
agents  used.  Water  has  a  very  high  specific  heat,  and  is 
very  mobile,  and  is,  therefore,  the  most  efficient,  whilst 
oil  has  a  lower  specific  heat,  and  is  less  mobile.  For  very 
small  articles  mercury  is  sometimes  used,  as  it  gives  a 
greater  hardness  than  water,  owing  to  its  high  conducting 


I'ensile  strength. 

Elongation  per  cent. 

Tons  per  sq.  in. 

in  2  inches. 

106 

2-0 

90-6 

1-5 

78- 

2-9 

38-7 

27-76 

35-8 

28-16 
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power,  but  as  its  specific  heat  is  low  a  large  quantity 
is  required.  Small  articles  are  hardened  by  dipping, 
whilst  larger  articles  are  often  sprayed  with  water.  For 
experimental  purposes  for  small  articles  iced  brine  which 
has  a  temperature  of  0°  C.  is  often  used.  Whatever  method 
is  adopted,  care  must  be  taken  that  the  cooling  is  uniform, 
or  the  article  may  warp  or  crack.  It  is  evident  that  only 
a  very  small  article  can  be  hardened  anything  like  uni- 
formly through,  as  in  the  case  of  a  large  piece  of  metal, 
however  rapidly  the  exterior  may  be  chilled,  the  interior 
will  only  cool  slowly. 

Not  only  should  the  cooling  be  uniform,  but  the  article 
being  hardened  should  be  at  a  uniform  temperature. 
The  smith's  forge  is  often  used  for  heating  small 
articles,  while  larger  ones  are  heated  in  a  reverberatory 
or  muffle  furnace,  which  is  built  of  a  suitable  size  and 
form,  and  is  so  arranged  as  to  allow  of  the  ready  re- 
moval of  the  article.  Very  small  articles  are  often  heated 
in  a  furnace  packed  in  an  iron  box  or  tube.  The  tem- 
perature required  is  not  very  high,  up  to  about  a  cherry 
red. 

Tempering. — A  tool  which  has  been  water-hardened  is 
usually  too  hard  and  brittle  for  use,  and  the  hardness  and 
brittleness  must  be  reduced  by  a  process  of  letting  down 
or  tempering.  The  article  is  heated  'to  a  moderate  tem- 
perature— the  less  the  hardness  is  to  be  reduced,  the  lower 
will  be  the  temperature — and  is  then  either  allowed  to 
cool  in  air  or  quenched  in  water,  the  method  of  cooling 
used  making  no  difference  to  the  resulting  hardness,  as 
in  any  case  it  is  far  below  the  critical  temperature. 

The  accurate  adjustment  of  the  annealing  temperature 
is  of  the  utmost  importance,  and  many  ways  of  deter- 
mining it  have  been  suggested.  The  usual  method  de- 
pends on  the  fact  that  when  iron  or  steel  is  heated  in 
air  a  film  of  oxide  is  formed  which  gradually  increases 
in  depth  of  tint  as  the  temperature  rises,  and  by  this 
tint  the  skilled  workman  can  determine  when  the  right 
temperature  is  attained.  Great  skill  and  judgment  are 
required,  because  the  tint  depends  not  only  on  the  tem- 
perature, but  on  the  time  of  heating.  Other  methods  of 
heating  that  have  been  suggested  are  the  use  of  an  oil 
bath,  the  appearance  of  the  oil  giving  an  indication  of 
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the  temperature,  or  heating  in  a  bath  of  molten  lead  the 
temperature  of  which  can  be  determined  by  means  of  a 
suitable  pyrometer. 

The  lower  the  temperature  of  tempering,  the  less  will 
the  hardness  be  removed,  and  it  is  obvious  that  for 
making  an  article  where  great  hardness  is  required,  not 
only  must  the  correct  temperature  be  used,  but  the  steel 
must  be  of  suitable  composition. 

The  following  table,  slightly  abridged,  -from  Professor 
Howe's  "  Steel,''  will  give  the  usual  tempering  tempera- 
tures : — 


Oxide  tint. 

Temperature. 

White       ... 

•  *  • 

c. 

F 

Pale  yellow 
Straw 

•  •  • 

•  •  • 

220 
230 

428 
446 

Golden  yellow 

•  •  • 

243 

469 

Brown 

•  •  • 

255 

491 

Brown,   dappled  | 
with  purpl^j       j 

265 

509 

Purple 

•  •  • 

277 

531 

Violet       ... 

•  •  • 

Bright  blue 
Full  blue... 

•  • 

•  •  • 

288 
293 

550 
559 

1 

Dark  blue 

•  •  ■ 

316 

600 

Just  visibly  redl 
in  the  dark       j 

— 

— 

%  Carbon 
in  steel. 


Usis  of  the  steel. 

Tungsten  steel  (Hakdest). 

Lancets. 

Bazors,  surgical  instruments 

Razors,  penknives,  hammers, 

taps    and    reamers,    cold 

chisels  for  cutting  steel. 
Cold  chisels,  shears,  scissors, 

hatchets. 
Axes,  planes,  lathe  tools  for 

copper. 
Table-knives,    large   shears, 

wood-turning  and  cutting 

tools,  cold  chisels  for  soft 

iron. 
Cold  chisels  for  brass. 
Swords,  coiled  springs. 
Fine  saws,  augers. 
Hand  and  fret  saws,  chisels 

for     wrought     iron    and 

copper. 
I  Spiral  sprinofs,  clockmakers' 
\     purposes  (Softest). 

Annealing. — ^When  the  heating  is  continued  to  a  low 
red  heat,  and  the  metal  is  then  allowed  to  cool  slowly, 
it  attains  its  softest  condition,  the  martensite  has  ample 
time  to  change  into  ferrite  and  cementite,  and  this  to 
segregate  into  well  defined  pearlite,  and  all  stress  pro- 
duced by  making  is  eliminated.     Such  metal  is  annealed. 

Recalescence. — If  a  mass  of  a  substance  which  under- 
goes no  change  be  allowed  to  cool,  the  temperature  falls 
continuously,  until  the  temperature  of  the  surroundiag 
air  is  reached,  in  such  a  way  that  if  a  curve  be  drawn  by 


0-9 
0-8 
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taking   the   temperature   as   ordinates  and   the   time   as 
abcisssB,  and  a  curve  be  drawn  through  the  points  repre- 
senting the  temperature  at  each  time  interval,  the  curve 
will   be  continuous.    If   the   temperature  of  a   piece   of 
cooling,  high  carbon  steel  be  determined  and  plotted,  the 
result   is   different.    The  cooling   curve   will    be    normal 
till  a  temperature  of  about  670^  C.  is  reached;  then  the 
cooling  is  retarded,  the  curve  becoming,  for  a  short  time, 
a  horizontal  line,  or,  perhaps,  even  sloping  upwards,  after 
wliich  it  resumes  its  continuous  fall.    As  cooling  by  radia- 
tion must  be  going  on,  this  retardation  of  cooling  can  only 
be   due   to   an  evolution   of   heat   within   the  mass,    by 
which  the   loss  is  balanced.    This  is  what  takes  place, 
and  in  the  case  of  large  masses  of  steel,  the  evolution 
of  heat  may  be  sufficient  to  cause  the  mass  to  glow  more 
brightly,  whence  the  phenomena  has  been  called  recales- 
cence.    The  point  of  retardation  of  cooling  is  the  critical 
point,  at  which  the  martensite  passes  into  pear  lite,  and 
it  is,  therefore,  the  point  over  which  the  cooling  must  be 
very  rapid,  if  the  carbon  is  to  be  retained  as  martensite, 
and  the  steel  preserved  in  the  hard  condition.    The  mar- 
tensite or  hard  condition  is,  however,  an  unstable  condi- 
tion at  ordinary  temperatures,  but  the  metal  is  too  rigid  to 
allow  of  change.    If,  however,  the  metal  is  gently  heated 
as  in  tempering,  a  certain  amount  of  molecular  freedom 
is  given,   the  martensite  can,   to  a  certain  extent,   pass 
over  into  the  pearlite  condition,  and  so  the  hardness  is 
reduced.       The  higher   the  temperature  of  heating,   the 
more  readily  will  this  change  take  place,  and,  therefore, 
the  softer  will  be  the  resulting  steel,  and  at  about  a  red 
heat  the  change  becomes  complete.    This  critical  point  is 
indicated   by   the    letters   Ar^.     If    a    piece    of   ordinary 
steel  be  heated  slowly,  a  critical  point  is  reached  when 
heat  is  absorbed,  and  when  the  pearlite  passes  over  into 
martensite,  this  being  the  reverse  change  to  that  which 
takes  place  on  cooling,  and  the  critical  point  is  indicated 
by  the  letters  Acj.     The  critical  point  for  heating  does 
not  exactly  coincide  with  that  for  cooling,  but  is  slightly 
higher.    The  reason  for  this  is  that  there  is  always  a  cer- 
tain resistance  to  change,  which  tends  to  produce  a  re- 
tardation.. 

Cooling  of  Mild   Steel. — ^When  a  very  mild  steel  con- 
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taming  only  a  small  percentage  of  carbon  is  allowed  to 
cool  and  the  temperature  is  taken  by  means  of  a  very 
delicate  pyrometer,  the  phenomena  become  more  com- 
plicated. As  the  temperature  falls,  there  is  a  retarda- 
tion of  cooling  at  about  820°  C,  then  another  at  730°  C, 
and  finally  the  third  at  about  690°  C,  the  last  being  the 
Ar^  point  already  mentioned,  and  indicating  the  change 
from  the  martensite  to  the  pearlite  condition.    The  three 
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Fig.  105. — Cooling  Curve  of  Pure  Iron. 

points  are  indicated  by  the  letters  Ar^,  Arj,  Ar, ;  Ar^  being 
that  at  the  lowest  temperature,  and  Ar^  that  at  the 
highest.  As  steels  higher  and  higher  in  carbon  are  ex- 
amined, the  three  points  are  still  noticed,  but  the 
temperatures  at  which  the  retardations  Arj,  Ar^  occur 
are  lower  and  lower,  that  is,  they  approach  nearer  to 
the  Arj  point ;  till  at  last,  when  a  steel  with  over  1  per 
cent,  of  carbon  is  reached,  the  three  points  coincide,  and 
the  long  retardation,  which  produces  the  recalescence, 
is  the  result.     (Figs.  105  and  106.) 
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Passing  in  the  other  direction,  i.e.  towards  pure  iron, 
by  steels  containing  less  and  less  carbon,  the  three 
points  become  further  separated,  and  the  retardation  at 
Ar,  becomes  less  and  less,  till  with  pure  iron  Ar,  is  about 
860°  C,  At 2  about  750°  C,  while  Ar^  has  disappeared. 
(Fig.  105.)  If  the  change  at  Arj  be  due  to  a  change  in 
the  condition  of  the  carbon,  it  is  obvious  that  it  must  dis- 
appear when  there  is  no  carbon  to  change.  When  a  steel 
is  cooled  slowly,  the  changes  which  take  place  at  these 
critical  points,  whatever  they  may  be,  are  more  or  less 
complete.    When,  however,  the  cooling  is  very  rapid,  the 
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change  cannot  take  place,  or,  at  least,  can  only  take  place 
very  partially,  and  the  iron  is  retained  in  the  condition 
which  it  had  above  the  point  of  cooling.  Hence  we  should 
expect  that  the  properties  of  the  metal  would  be  different 
according  as  the  quenching  was  above  any  one  of  the 
critical  points.  In  ordinary  carbon  steel  the  point  Arj 
is  about  690°,  so  that  if  the  steel  is  to  be  kept  hard,  it 
must  be  quenched  from  above  that  temperature,  but  the 
addition  of  certain  constituents  such  as  tungsten-nickel 
and  other  elements  may  lower  the  Ar^  point  to  the  atmos- 
pheric temperature  or  even  to  0°  C,  and  steels  are  thus 
produced  which  do  not  need  quenching,  but  harden  on 
cooling  in  air,  and  which  are,  therefore,  called  self- 
hardening  steels.     Such  steels  will  retain  a  cutting  edge 
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at    a    much  higher    temperature    than    ordinary    carbon 
steels,  and  are,  therefore,  largely  used  for  tools. 

The  AUotropic  Theory  of  Steel.— As  in  the  cooling  of 
pure  iron  there  are  changes  which  lead  to  a  retardation 
of  the  cooling,  these  must  be  due  to  changes  in  the  iron 
itself,  and  the  theory  generally  held  now  is  that  the 
changes  are  the  passage  of  the  iron  from  one  -allotropic 
condition  to  another. 

Students  of  chemistry  will  be  familiar  with  the  fact 
that  many  elements  can  exist  in  allotropie  modifications. 
For  instance,  carbon  as  the  diamond  and  graphite;  phos- 
phorus as* ordinary  yellow  and  red  phosphorus ; 'sulphur 
in  at  least  four  allotropie  modifications,  whilst  allo- 
tropie modifications  of  tin  and  other  metals  are  known. 
As  a  rule,  each  modification  is  stable  only  within  certain 
limits  of  temperature,  and  on  passing  from  the  one  range 
of  temperature  to  another  the  body  will  change  its  allo- 
tropie condition  provided  the  temperature  change  be  slow 
enough,  but  as  some  of  the  changes  take  place  very  slowly, 
the  element  may  be  retained  wholly  or  partially  in  the  con- 
dition which  belongs  to  the  higher  temperature.  Thus 
when  sulphur  is  crystallised  from  fusion,  it  occurs  in 
transparent  yellow  needles  of  what  is  called  prismatic  or 
P  sulphur.  After  a  time  the  crystals,  whilst  retaining 
their  form,  become  opaque.  The  reason  is  that  /3  sulphur 
is  only  stable  above  96°  C,  below  that  it  gradually  passes 
over  into  a  or  octohedral  sulphur.  As,  owing  to  the 
rigidity  of  the  solid,  the  outer  form  of  the  crystals  cannot 
change,  the  change  is  only  molecular,  but  this,  by  breaking 
up  the  interior  structure  of  the  crystals,  makes  it  opaque. 

The  allotropie  theory  of  steel  assumes  that  iron  can 
exist  in  three  allotropie  modifications,  indicated  by  the 
Alpha  (a).  Beta  (/3),  and  Gamma  (y)  iron.  The  student 
must  remember  that  this  is  only  a  theory,  and  is 
not  by  any  means  proved,  but  the  language  of  the 
theory  has  been  so  largely  adopted  that  it  must  be 
understood.  Alpha  iron  is  the  ordinary  form  of  iron, 
stable  at  temperatures  below  about  690°;  it  is  soft  and 
ductile,  and  is  magnetic.  Beta  iron  is  stable  only  be- 
tween temperatures  of  700°  to  860°;  it  is  hard,  brittle, 
and  non-magnetic.  Gamma  iron  is  stable  at  temperatures 
above  800°  C. ;  it  is  hard,  ductile,  and  non-magnetic. 
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When  a  piece  of  mild  steel  solidifies  from  fusion  it  is 
in  the  form  of  y  iron ;  at  about  820°  it  passes  into  /3  iron, 
this  change  causing  the  first  retardation;  at  about  730° 
it  passes  into  the  condition  of  ^  a  iron,  thus  causing  the 
second  retardation;  and  at  about  690°  the  carbon  passes 
into  the  condition  of.  pearlite.  With  a  high  carbon  steel 
the  point  Ar^  is  gradually  lowered,  till  at  last  the  ft  form 
is  eliminated,  the  y  iroji  passes  at  once  into  a  iron,  and 
the  carbon  passes  from  the  martensite  to  the  cementite 
(pearlite)  form,  all  the  changes  taking  place  at  the  same 
time. 

The  critical  point  in  the  case  of  a  high  carbon  steel 
slowly  cooled  will  be  attended  with  this  double  change, 
the  passage  of  the  iron  from  the  y  to  the  a  form,  and  the 
change  in  the  condition  of  the  carbon.  Sudden  quenching 
may  retard  one  or  both  of  these  changes,  and  the  ques- 
tion arises,  to  the  retardation  of  which  change  is  the  hard- 
ness of  hardened  steel  due?  Is  it  due  to  the  retention  of 
the  iron  in  the  y  condition,  or  the  retention  of  the  carbon 
in  the  martensite  condition  ?  According  to  the  allotropic 
theory,  it  is  the  former;  according  to  the  carbon  theory, 
it  is  the  latter. 

At  first  sight  it  would  seem  that  if  the  allotropic  theory 
is  true,  it  ought  to  be  possible  to  harden  pure  iron  by 
quenching,  which  certainly  cannot  be  done.  To  this  it  is 
replied  that  in  the  case  of  pure  iron  the  changes  take 
place  so  rapidly  that  it  is  impossible  to  retain  the  metal 
in  the  y  and  ft  condition,  however  rapid  the  cooling  may 
be,  but  that  carbon  retards  the  change,  a^nd  therefore 
retains  the  iron  in  the  hard  form,  and  that  other  elements 
have  the  same  effect  to  a  still  more  marked  degree. 

Ordinary  steel  loses  its  magnetic  properties  when 
heated  over  Arj,  both  ft  and  y  iron  being  non-magnetic,  or, 
to  put  it  in  another  way,  steel  only  becomes  magnetic  when 
it  has  cooled  sufficiently  to  allow  the  iron  to  pass  into  the 
a  condition. 

If  a  steel  be  made  containing  8  per  cent,  of  manganese, 
it  is  non-magnetic,  and,  on  cooling,  shows  no  retardation 
or  break  in  the  cooling  curve,  the  explanation  being  that 
the  manganese  retards  the  passage  of  the  iron  into  the  a 
form,  and  therefore  retains  it  as  y  iron.  This  alloy  is 
excessively  hard.    At  very   low  temperatures,   if  cooled, 
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for  instance,  in  liquid  air,  the  alloy  does  become  magnetic, 
the  critical  point  being  therefore  very  low. 

Certain  alloys  of  iron  and  nickel  (about  36  per  cent, 
nickel)  do  not  expand  on  heating,  the  explanation  being  : 
the  passage  from  y  to  a  iron  first  begins  at  ordinary  tem- 
peratures, and  a  iron  occupies  a  greater  volume  than  y 
iron,  so  that  as  the  change  takes  place  the  contraction 
by  cooling  is  just  balanced  by  the  increase  in  volume  due 
to  the  change  in  the  condition  of  the  iron,  and  similarly 
expansion  on  heating  will  be  balanced. 

It  must  always  be  borne  in  mind  that  the  change  from 
one  condition  to  another  is  not  instantaneous,  but  takes 
time,  and  therefore  does  not  take  place  sharply  at  one 
temperature,  but  extends  over  a  considerable  range,  the 
critical  points  being  simply  the  points  when  the  change  is 
most  marked,  it  beginning  a  little  above  and  being  con- 
tinued a  little  below  this  temperature. 

Professor  Arnold  does  not  accept  the  allotropic  theory, 
and  proposes  in  place  of  it  a  solution — a  subcarbide 
theory — which  explains  most  of  the  facts. 

With  saturated  or  eutectoid  steel,  containing  '89  per 
cent,  of  carbon,  there  is  only  the  one  change,  the  passage  of 
Martensite  (in  this  case  Hardenite,  which  Arnold  regards 
as  a  subcarbide,  Fe24C)  into  pearlite. 

With  saturated  steel  containing,  say,  '9  per  cent,  of 
carbon,  on  heating  at  Ar^,  the  pearlite  passes  into 
hardenite,  so  that  on  quenching  above  Ar^  the  structure  is 
but  little  changed,  the  hardenite  areas  simply  replacing 
the  pearlite  ^reas.  At  Ax^  the  hardenite  dissolves  in  the 
ferrite,  forming  a  Martensite  lower  in  carbon  than 
Hardenite,  and  at  Kr^  there  is  an  expansion  similar  to 
the  expansion  of  water  at  4°  C. 

With  hyper-eutectic  steels,  say  1*4  per  cent,  carbon,  the 
pearlite  changes  into  hardenite  at  about  700°  C,  and  at  a 
higher  temperature  the  cementite  dissolves  in  the 
Hardenite,  forming  a  higher  carbon  Martensite. 

The  table  will  show  at  a  glance  the  condition  of  things 
according  to  the  two  theories. 

Solidification  of  Steel.— When  steel,  like  any  other 
solid,  solidifies  from  fusion  it  tends  to  form  crystals. 
These  crystals  are  cubic,  but  as  they  grow  they  tend  to 
press  upon  one  another,  and  thus  destroy  the  regularity 
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of  form,  producing  a  granular  structure,  each  grain  being 
in  reality  a  crystal  (allotriomorphic  crystal),  and  some- 
times showing  a  distinct  cleavage.  If  the  solution  does 
not  crystallise  as  a  whole,  but  contains  foreign  matter, 
this  will  be  ejected,  and  will  often  solidify  along  the  lines 
separating  the  crystals. 

Changes  after  Solidification. — Many  changes  may  take 
place  after  solidification,  whilst  the  metal  is  in  a  soft 
condition,  the  principal  changes  being  of  the  nature  of 
diffusion  and  segregation. 

If  the  metal  be  maintained  at  a  high  temperature  after 
solidification,  the  constituents  which  had  segregated 
may  to  a  certain  extent  diffuse,  and  this  long  anneal- 
ing may  tend  to  equalisation  of  composition.  At  a 
high  temperature  also  there  is  great  freedom  among 
the  molecules,  so  that  the  crystals  tend  to  still  further 
develop,  the  larger  crystals  encroaching  upon  and  absorb- 
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ing  the  smaller  ones,  and  this  producing  a  coarse-grained 
structure.  As  the  strength  of  a  metal  is  usually  the 
greater  the  finer  the  crystal  structure,  heating  to  a  high 
temperature  for  a  considerable  time  tends  to  increase-  the 
size  of  the  crystal  grains,  and  thus  weaken  the  metal. 
The  factor  time  plays  an  important  part,  since  these 
changes  of  aggregation  are  comparatively  slow. 

The  coarseness  or  fineness  of  the  structure  can  be 
determined  by  examination  under  the  microscope.  The 
appearance  of  an  actual  fracture  is  sometimes  a  guide  as 
to  the  quality  of  the  metal,  but  it  varies  so  much  with  the 
way  in  which  the  fracture  has  been  made  that  it  is  of  little 
value  except  in  extreme  cases. 

The  Grain  of  Steel. — As  a  rule,  the  higher  the  tempera- 
ture to  which  the  metal  has  been  heated  the  coarser  will  be 
the  grain,  and  the  grain  size  will  not  be  modified  by  the 
subsequent  cooling  or  by  changes  in  the  constitution  of  the 
metal.  Thus  the  passage  from  martensite  to  pearlite  will 
not  alter  the  grain  form,  as  the  change  will  take  place 
within  each  crystal  grain.  For  every  temperature  with 
a  given  quality  of  steel  there  is  what  may  be  called  a 
normal  grain  size.  If  the  grains  be  smaller  they  will 
gradually  grow  until  they  acquire  the  normal  size,  but  if 
they  are  larger  they  will  not  shrink.  It  follows,  therefore, 
that  as  the  higher  the  temperature  the  larger  the  grains, 
that  the  size  of  the  grains  will  be  determined  by  the  high- 
est temperature  to  which  the  metal  has  been  heated. 

The  grain  of  a  piece  of  cold  steel  depends,  therefore,  on 
the  temperature  to  which  it  has  been  heated.  If  now  the 
cold  steel  be  heated  to  just  above  the  critical  points,  Ar^, 
Arj,  Ar^,  say  900°,  the  crystal  grain  structure,  whether 
large  or  small,  is  completely  broken  up,  and  is  replaced  by 
an  extremely  fine  grain.  This  is  called  heat  refining,  and 
is  now  largely  used  for  the  improvement  of  steel.  Care 
must,  of  course,  be  taken  that  the  temperature  be  not  too 
high,  or  large  crystal  grains  may  again  be  produced. 
The  temperature  which  is  required  for  the  heat  refining 
seems  to  be  that  at  which  the  magnetism  of  the  iron  dis- 
appears. 

In  the  case  of  very  low  carbon  steels.  Stead  found 
that  the  size  of  the  crystal  grains  increases  as  the  steel 
is  heated  to  about  700°  C,   but  that  on  heating  to  Ar, 
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(900°)  the  coarse  structure  is  completely  broken  up,  and  a 
fine  grain  is  produced. 

Burnt  Steel. — If  a  steel  be  very  much  overheated  it 
becomes  burnt  (Fig.  107),  and  then  cannot  be  restored  by 
heat  refining.  The  grains  become  very  large  and  partially 
separate,  owing  probably  to  the  evolution  of  gaa.  Such 
steels  are  extremely  brittle,  both  hot  and  cold,  and  break 
with  a  bright,  shining  fracture.     Very  often  air  finds  its 
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way  in,  and  a  film  of  oxide  is  formed  between  the  separ- 
ated grains. 

Effect  of  Work. — Hammering,  rolling,  and  similar  work 
tends  to  break  down  the  coarsely  crystalline  structure  of 
steel,  and  thus  to  greatly  improve  its  quality.  The  grains 
become  distorted,  and  then  break  up  and  rearrange  them- 
selves into  fresh  and  smaller  grains,  the  grain  size  ap- 
proximating to  that  due  to  the  temperature  at  which  they 
are  actually  formed,  the  work  setting  up  a  state  of  stress 
which  facilitates  rearrangement,  and  the  grain  will  be 
smaller  the  lower  the  temperature  at  which  the  rolling  is 
finished,  and  therefore  finishing  at  a  high  temperature 
will  tend  to  produce  a  coarse-grained,  brittle  steel. 

Sorbitic  Steel. — The  rate  of  cooling  of  steel,  as  already 
remarked,  has  a  great  influence  on  its  character.  We  have 
so  far  distinguished  ttvo  classes  of  steel,  that  which  has 
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been  hardened  by  chilling  in  which  the  carbon  is  present  as 
martensite,  and  that  which  has  been  cooled  very  slowly  or 
annealed,  in  which  the.  carbon  is  present  as  pearlite,  each 
of  these  varieties  having  its  own  good  qualities.  There  is, 
however,  an  intermediate  condition  in  the  sorbitic  steels — 
i,e.  those  which  contain  sorbite — and  these  have  valuable 
properties  of  their  own. 

If  sorbite  be  an  intermediate  stage  between  hardenite 
and  pearlite,  or  if  it  be  unsegregated  pearlite,  it  is  easy  to 
understand  that  a  metal  in  which  the  hard  and  soft  con- 
stituents are  very  finely  distributed  might  be  stronger  than 
one  in  which  they  have  segregated  into  definite  plates. 
It  is  also  easy  to  see  that  such  a  condition  may  be  obtained 
by  heat  treatment,  either  by  cooling  from  the  martensite 
condition  at  such  a  rate  that  whilst  the  hardenite  will 
break  up  into  ferrite  and  cementite,  these  will  not  have 
time  to  segregate  into  the  plates  of  pearlite,  or  by  heat- 
ing in  such  a  way  that  the  pearlite  will  break  up  but  not 
pass  into  hardenite.     Sorbitic  steels  are  now  largely  made. 

Stead  gives  an  instance  of  a  steel  with  0*35  per  cent,  of 
carbon  which  was  quenched  from  800° — i.e.  just  above  Arj — 
and  was  then  reheated  to  650° — i.e.  just  below  Ar^ — with 
the  following  results  : — 

Normal.  Treated. 

Breaking  weight 42*2  tons          ...  51*1  tons. 

Elongation  on  2  inches-  ...          23  per  cent.  ...  23  per  cent. 

Contraction  of  area          ...       36'1         ,,         ...  38  per  cent. 

"  The  heated  steel  contained  much  unsegregated  pearlite 
or  sorbite;  indeed,  it  was  difficult  to  detect  cementite  in 
the  pearlite  areas.'' 

In  another  case  Siemens  and  Boynton  give  the  following 
particulars  of  a  steel  cooled  from  1,150°  : — 

Prevailing  Elastic  limit  Tenacity 

How  cookd.  constituents.  lb.  per  sq.  in.      lb,  per  sq.  in.    t07is  per  sq.  in. 

In  furnace      ...       pearlite      ...      39,901  81,162  36 

In  air  ...       sorbite       ...      65,000  99,972  45 
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CHAPTER    XV. 

TESTING    STEEL.      SPECIFICATIONS    FOR    STEEL    FOR    VARIOUS 

PURPOSES. 

Steel,  as  already  pointed  out,  varies  very  much  in  charac- 
ter according  to  its  composition  and  the  treatment  to  which 
it  has  been  subjected,  and  as  for  every  purpose  for  which 
steel  can  be  required  there  are  some  properties  which  are 
essential,  or,  at  least,  very  important,  the  engineer  specifies 
certain  tests  or  conditions  which  the  metal  must  pass 
before  it  will  be  accepted,  and  it  is  the  business  of  the 
steel  maker  to  produce  a  steel  which  will  conform  to  the 
required  specification. 

Chemical  Analysis. — Since  the  grade  of  the  steel  is 
fixed  by  its  chemical  composition,  chemical  analysis  is  of 
the  utmost  importance.  As  there  are  impurities,  such  as 
silicon,  sulphur,  and  phosphorus,  the  presence  of  which, 
if  not  absolutely  injurious,  is  certainly  not  advantageous, 
and  yet  the  entire  absence  of  which  cannot  be  guaranteed, 
a  limit  is  fixed  to  the  amount  which  will  be  allowed. 

The  grade  of  the  steel  depends  upon  the  amount  ot 
carbon  present.  The  higher  the  carbon  in  general  the 
greater  the  tensile  strength  but  the  less  the  ductility, 
and  it  often  happens  that  ductility  is  of  more  importance 
than  tensile  strength.  The  percentage  of  carbon  which  the 
steel  contains  is  therefore  given,  and  at  the  same  time  a 
limit,  both  upward  and  downward,  is  fixed,  a  carbon 
higher  or  lower  than  which  will  lead  to  the  rejection  of  the 
steel. 

Physical  Tests  and  Inspection. — Chemical  composition 
is,  however,  not  by  any  means  all  that  is  necessary,  and 
it  is  always  supplemented  by  physical  tests  of  various 
kinds,  depending  on  the  purpose  for  which  the  metal  is  to 
be  used,  an  endeavour  being  made  to  apply  tests  in  such 
a  way  as  to  ensure  the  properties  which  are  of  the  greatest 
importance. 

In  order  to  see  that  the  work  of  testing  is  correctly 
carried  out,  that  the  articles  made  are  perfect,  and  that 
any  conditions  that  may  be  specified  as  to  the  method  or 
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condition  of  manufacture  are  carried  out,  an  inspector  is 
very  frequently  sent  to  the  works.  In  the  case  of  ship 
plates,  for  instance,  the  inspectors  from  Lloyds,  the 
Bureau  Veritas,  or  other  organisation  under  the  authority 
of  which  the  ship  is  to  be  classed,  sends  its  inspector  to 
tne  works  to  see  that  the  quality  of  the  metal  is  up  to  the 
required  standard. 

The  ordinary  tests  which  are  used  for  determining  the 
tensile  strength — the  elongation  before  fracture,  the  con- 
traction of  area  before  fracture  if  required,  the  yield 
point,  and  the  modulus  of  elasticity — have  been  already 
described,  but  there  are  other  tests  which  are  used  for 
special  purposes. 

Drop  Test. — ^Where  an  article,  as,  for  instance,  an  axle 
or  a  tyre,  will  be  subjected  to  shock,  it  is  usually  submitted 
to  a  drop  test.  That  is,  the  axle  is  placed  across  sup- 
ports, or  the  tyre  is  placed  on  edge,  and  a  weight  is 
allowed  to  fall  from  a  height  on  to  it.  In  the  case  of  axles 
the  falling  weight  produces  a  certain  deflection.  The  axle 
is  then  turned  over,  so  that  the  next  blow  tends  to 
straighten  it,  and  so  on ;  or  the  axle  may  be  left  always 
in  the  same  position.  The  falling  weight  is  often  1  ton, 
and  the  height  of  drop  depends  on  the  size  and  strength  of 
the  article  being  tested.  The  number  of  blows  the  axle 
must  stand  is  specified.  In  the  case  of  tyres,  they  will 
bend  nearly  flat  without  fracture,  though  the  test  usually 
specifies  that  the  tyre  must  stand  till  it  is  deflected  to 
one-sixth  of  its  original  diameter. 

Gold  bending  tests  are  also  sometimes  specified,  the 
piece  being  bent  over  cold  either  till  the  two  halves  are 
in  contact — i.e.  till  it  has  been  bent  through  180° — or  till 
the  two  parts  are  at  an  angle  which  varies  with  the  thick- 
ness of  the  test  piece.  Any  sign  of  fracture  at  the  bend 
will  lead  to  the  metal  being  rejected. 

Hot  Tests.-JFoT  mild  steels  to  be  worked  hot,  hot  tests 
are  sometimes  specified,  and  these  are  conducted  in  various 
ways.  The  most  usual  test  is  to  punch  a  hole  through  the 
bar,  its  diameter  being  about  half  the  width  of  the  bar. 
This  is  then  expanded  by  means  of  a  drift  until  it  is  about 
fcwice  the  diameter  that  the  bar  is  wide.  The  bar  is  then 
cut  across  at  right  angles  to  its  length  across  the  diameter 
of  the  hole,  and  the  two  halves  are  hammered  back.     The 
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test  may  be  varied  almost  indefinitely,  the  object  being 
to  make  sure  that  the  metal  will  not  crack  when  worked 
hot.  Sometimes  the  welding  capacity  of  the  metal  is  tested 
by  welding  two  pieces  together  and  then  subjecting  the 
welding  portion  to  hot  and  cold  bending  tests. 

Brittleness. — This  may  be  tested  by  bending  a  test  piece 
of  the  metal  through  a  very  small  angle  rapidly  in  oppo- 
site directions,  at  the  rate  of  1,000  or  more  per  minute,  by 
means  of  a  suitable  machine.  The  number  of  alternations 
required  to  produce  fracture  will  depend  upon  the  charac- 
ter of  the  steel  and  the  treatment  to  which  it  has  been 
subjected.  The  following  figures  from  an  experiment  of 
Mr.  Stead's  will  illustrate  the  effect  of  treatment : — 

Vibrations 
required  to  proiluce  fracture. 

(Normal 1,432,500 

Overheated          844,950 

Reheated 2,080,440 

Annealed 1,971,000 

Sorhitic 3,517,200 

Other  Tests, — Other  tests  have  been  suggested  as  giving 
valuable  indications  as  to  the  quality  of  the  metal,  but 
have  not  come  into  use  commercially  : — 

Microscopic  Structure. — Examination  of  microscopic 
sections  of  metal  is  very  valuable  for  many  purposes,  but 
is  not  commercially  specified. 

Selecting  the  Test  Piece. — The  part  of  the  process  at 
which  the  samples  for  testing  will  be  taken  will,  of  course, 
depend  on  the  nature  of  the  article  being  made,  but  the 
rule  always  is  that  the  sample  should  be  taken  as  near 
the  completion  of  the  processes  of  manufacture  as  possible. 

In  the  case  of  ship  and  similar  plates  a  sample  is 
taken  from  each  sheet  as  rolled;  in  the  case  of  castings 
either  a  sample  of  the  metal  is  taken  as  cast,  or,  if  possible, 
a  sample  is  cut  out  of  the  casting  itself,  and  in  the  case 
of  forgings  similarly  a  sample  is  cut  out.  Obviously  the 
sample  must  be  taken  from  such  a  position  as  to  be  a 
fair  sample  of  the  metal,  so  that  it  must  not  be  taken  from 
portions  that  are  cut  off  and  rejected. 

In  the  case  of  drop  and  similar  tests,  where  the  whole 
article  is  tested  and  is  of  no  further  use,  a  certain  propor- 
tion arc  selected  at  random,  and  if  these  fail  the  whole 
batch  from  which  they  come  is  rejected. 
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Standard  Tests. — It  is  very  important  that  all  users  of 
similar  material  for  similar  purposes  should  require  the 
same  tests,  great  and  unnecessary  trouble  being  given  ^to 
the  steel  maker  by  variations  in  specification  for  similar 
purposes.  In  this  country  each  engineer  draws  up  his 
specification,  and  it  therefore  often  happens  that  two 
engineers  will  insist  on  different  tests  for  steel  for  exactly 
the  same  purposes. 

In  August,  1901,  the  American  Section  of  the  Inter- 
national Association  for  Testing  Materials  drew  up  a 
series  of  standard  specifications,  which  have  been  largely 
followed. 

The  specifications  deal  with  : — * 

(1.)  Process  of  manufacture.  (2.)  Chemical  .properties. 
(3.)  Physical  properties.  (4.)  Test  pieces  and  methods  of 
testing.  (5.)  Finish  and  variation  in  weight.  (6.)  Brand- 
ing.    (7.)  Inspection. 

The  steels  were  divided  into  nine  classes,  and  the  fol- 
lowing table  gives  the  particulars  as  to  the  processes  to 
be  used  : — 

(1.)  Steel  castings  :  Open-hearth,  Bessemer,  or  crucible 
processes.  (2.)  Steel  axles :  Open  hearth.  (3.)  Sieel  forg- 
ings :  Open-hearth,  Bessemer,  or  crucible.  (4.)  Steel  tyres-: 
Open-hearth.  (5.)  Steel  rails:  Open-hearth  or  Bessemer. 
(6.)  Steel  splice  bars:  Open-hearth  or  Bessemer.  (7.) 
Structural  steel  for  buildings  :  Open-hearth  or  Bessemer. 
(8.)  Structural  steel  for  bridges  and  ships:  Open-hearth. 
(9.)  Boiler  plate  and  rivet  steel :  Open-hearth. 

It  will  be  noted  that  for  some  purposes  steel  may  be 
made  by  any  of  the  processes,  whilst  for  others  it  is 
restricted  to  one  or  two  of  the  three.  No  distinction  is 
made  between  the  acid  or  the  basic  forms  of  the  processes, 
but  an  engineer  can  specify  either  should  he  desire  it. 

Many  engineers  specify  many  details  as  to  the  material 
that  is  to  be  used,  as,  for  instance,  that  the  steel  is  to  be 
made  from  hcematite  iron,  or  as  to  the  way  in  which  the 
process  is  to  be  conducted.  This  is  quite  unnecessary,  and 
it  severely  handicaps  the  steel-maker.  The  engineer 
should  know  exactly  what  he  wants,  and  how  to  make  the 
necessary  tests  to  make  sure  that  he  gets  it ;  then  he  should 
leave  the  manufacturer  free  to  produce  a  suitable  material 
in  the  best  way  he  can. 
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Chemical  Composition, — The  following  table  gives  the 
limits  of  the  various  constituents  specified  for  the  different 
grades  of  steel : — 
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The  carbon  is  not  specified  in  cases  where  a  tensile  strength 
is  required,  because  the  two  go  together,  and  because  for 
a  definite  tensile  strength  the  percentage  of  carbon  will 
vary  somewhat,  according  to  the  process  by  which  the  steel 
is  made. 

Physical  Tests, — The  physical  tests  are  tensile  strength, 
yield  point,  and  elastic  limit,  elongation  and  contraction 
of  area,  with  cold  bending  and  drop  tests,  when  required. 
The  actual  strengths  required  will  vary  according  to  the 
purpose  for  which  the  steel  is  required. 

Test  Pieces, — The  form  and  dimensions  of  the  test  piece 
to  be  shown  in  Figs.  108  and  109.     The  test  piece  to  be  of 
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Fig.  108. 


FijT.  109. 
Figs.  108  and  109.— Test  Pieces. 

the  thickness  of  the  plate  wherever  possible,  so  that  the  two 
opposite  sides  are  rolled  surfaces,  whilst  rivet  bars,  small 
rolled  bars,  etc.,  shall  be  tested  of  full  size  as  rolled.  For 
steel  forgings  a  test  piece  2  in.  long  and  i  in.  in  diameter 
was  recommended,  because  it  is  often  impossible  to  cut  a 
large  sample  out  of  the  casting. 

It  is  not  necessary  here  to  discuss  the  other  points,  but 
the  standard  specifications  for  steel  castings,  steel  axles, 
and  structural  steel  for  bridges  and  ships  are  given  as 
examples. 

Steel  Castings. — (l.)  Steel  castings  may  be  made  by  the 
open-hearth,  crucible,  or  Bessemer  process,  and  may  be 
annealed  or  unannealed  as  specified. 
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(2.)  Ordinary  castings,  those  in  which  no  physical  re- 
quirements are  specified,  shall  not  contain  over  "40  per 
cent,  carbon  nor  over  008  per  cent,  of  phosphorus. 

(3.)  Castings  which  are  subjected  to  physical  test  shall 
not  contain  over  0*05  per  cent,  of  phosphorus  nor  over 
0  05  per  cent,  of  sulphur. 

(4.)  Tested  castings  shall  be  of  three  classes  :  Hard, 
medium,  and  soft.  The  minimum  physical  qualities  re- 
quired in  each  class  shall  be  as  follows  : — 


Mild. 


Tensile  strength,  lbs.  per  square  inch 
Yield  point,  lbs.  per  square  inch    . . . 
Elongation  per  cent,  in  2  inches     . . . 
Contraction  of  area  per  cent. 


Hard. 

Meiiium. 

85,000 
38,250 

15 

20 

70,000 
31,500 

18 

25 

6o,ooa 

27,000 
22 
30 


(5.)  A  test  to  destruction  may  be  substituted  for  the 
tensile  test  in  the  case  of  small  or  unimportant  castings 
by  selecting  three  castings  from  a  lot.  This  test  shall 
show  the  material  to  be  ductile,  free  from  injurious  de- 
fects, and  suitable  for  the  purposes  intended.  A  lot  shall 
consist  of  all  castings  from  the  same  melt  or  blow,  an- 
nealed in  the  same  furnace  charge. 

(6.)  Large  castings  are  to  be  suspended  and  hammered 
all  over.  No  cracks,  flaws,  defects,  nor  weakness  shall 
appear  after  such  treatment. 

(7.)  A  specimen  one  inch  by  one-half  inch  (1  in.  by  ^in.) 
shall  bend  around  a  diameter  of  one  inch  (1  in.)  without 
fracture  on  outside  of  bent  portion  through  an  angle  of 
120°  for  "  soft  "  castings  and  of  90°  for  "  medium  ''  cast* 
ings. 

(8.)  The  standard  turned  specimen,  one-half  inch 
(i  in.)  in  diameter  and  two-inch  (2-in.)  gauged  length, 
shall  be  used  to  determine  the  physical  properties  specified 
in  paragraph  No.  4.     It  is  shown  in  Fig.  109. 

(9.)  The  number  of  standard  test  specimens  shall  de- 
pend upon  the  character  and  importance  of  the  castings. 
A  test  piece  shall  be  cut  cold  from  a  coupon,  to  be  moulded 
and  cast  on  some  portion  of  one  or  more  castings  from 
each  melt  or  blow,  or  from  the  sink  heads  (in  case  heads 
of   sufficient   size    are    used).     The   coupon   or   sink   head 
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must  receive  the  same  treatment  as  the  casting  or  cast- 
ings before  the  specimen  is  cut  off,  and  before  the  coupon 
or  sink  head  is  removed  from'  the  casting. 

(10.)  One  specimen  for  bending  test,  one  inch  by  one- 
half  inch  (1  in.  by  J  in.),  shall  be  cut  cold  from  the 
coupon  or  sink  head  of  the  casting  or  castings,  as  specified 
in  paragraph  No.  9.  The  bending  test  may  be  made  by 
pressure  or  blows. 

(11.)  The  yield  point,  specified  in  paragraph  No.  4, 
shall  be  determined  by  the  careful  observation  of  the  drop 
of  the  beam  or  halt  in  the  gauge  of  the  testing  machine. 

(12.)  Turnings  from  the  tensile  specimen,  drilling  from 
the  bending  specimen,  or  drillings  from  the  small  test 
ingots,  if  preferred  by  the  inspector,  shall  be  used  to 
determine  whether  or  not  the  steel  is  within  the  limits  of 
phosphorus  and  sulphur  specified  in  paragraphs  Nos.  2 
and  3. 

(13.)  Castings  shall  be  true  to  pattern,  free  from 
blemishes,  flaws,  or  shrinkage  cracks.  Bearing  surfaces 
shall  be  solid,  and  no  porosity  shall  be  allowed  in  por- 
tions where  the  resistance  and  value  of  the  casting  for 
the  purpose  intended  will  be  seriously  affected  thereby. 

(14.)  An  inspector  representing  the  purchaser  shall 
have  all  reasonable  facilities  afforded  to  him  by  the  manu- 
facturer to  satisfy  him  that  the  finished  material  is  fur- 
nished in  accordance  with  these  specifications.  All  tests 
and  inspections  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment. 

Steel  Porgings.— (1.)  Steel  for  forgings  may  be  made 
by  open-hearth,  crucible,  or  Bessemer  process. 

(2.)  There  shall  be  four  classes  of  steel  forgings,  which 
shall  conform  to  the  following  limits  in  chemical  com- 
position : — 


Phosphorus  shall  not  ex- 

Cceu      ...  .••  ,,, 

Sulphur  shall  not  exceed 

J^  lCJv61         ...  ..,  ••• 


Forgings  of 

soft  or  low 

carbon  steel. 


Forgings  of 

carbon  steel 

not  annealed. 


per  cent. 

010 
010 


per  cent. 

0-06 
006 


Forgings  of 

cxirbon  steel 

oil-tempered 

or  annealed. 


Forgings  of 

nickel  steel 

oil-tempered 

or  annealed. 


per  cent. 

0-04 
0-04 


per  cent. 

0-04 

0-04 

3 -00-4 -00 
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(3.)  The  minimum  physical  qualities  required  of  the 
different  sized  forging  of  each  class  shall  be  as  follows  : — 


^■5 

2  si 

s    «> 


lbs.  per  sq.  in. 


58,000 

75,000 

80,000 

75,000 
90,000 

85,000 
80,000 

80,000 

80,000 

80,000 
95,000 

90,000 
85,000 


29,000 

37,500 

40.000 

37,500 
55,000 

50,000 
45,000 

50,000 

45,000 

45,000 
65,000 

60,000 
56,000 


o 


per  cent. 


28 
18 
22 

23 

20 

22 


23 


25 


25 

24 
21 


22 


24 


35 

30 

35 

35 
45 

45 


40 


45 


45 

40 
50 


50 


45 


Soft  steel  or  low  carbon  steel  for  solid  or 

hollow  f orgings,  no  diameter  or  thickness 

of  section  to  exceed  10  in. 
Carbon   Steel   not   annealed   for  solid   or 

hollow  f  orgings,  no  diameter  or  thickness 

of  section  to  exceed  10  in. 
Carbon  Steel  Annealed,  for  solid  or  hollow 

forgings,   no  diameter    or  thickness  of 

section  to  exceed  10  in. 
For  solid  forgings,  no  diameter  to  exceed 

20  in.,  or  thickness  of  section  15  in. 
Carbon  Steel    Oil-tempered,  for    solid  or 

hollow  forgings,  no  diameter  or  thickness 

of  section  to  exceed  3  in. 
For  solid  forgings  of  rectangular  sections 

not  exceeding  6  in.  in  thickness,  or  hollow 

forgings  the  walls  of  which  do  not  ex- 
ceed 6  in.  in  thickness. 
For  solid  forgings  of  rectangular  sections 

not    exceeding    10  in.  in  thickness,    or 

hollow  forgings  the  walls  of  which  do 

not  exceed  10  in.  in  thickness. 
Nickel  Steel  Annealed,  for  solid  or  hollow 

forgings,   no    diameter  or  thickness  of 

section  to  exceed  10  in. 
For  solid  forgings,  no  diameter  to  exceed 

20  in.  or  thickness  of  section  15  in. 
For  solid  forgings  over  20  in.  diameter. 
Nickel  Steel  Oil-tempered,   for  hollow  or 

solid  forgings,  no  diameter  or  thickness 

of  section  to  exceed  3  in. 
For  solid  forgings  of  rectangular  sections 

not    exceeding    6   in.    in    thickness,   or 

hollow  forgings  the  walls  of  which  do 

not  exceed  6  in .  in  thickness. 
For  solid  forgings  of  rectangular  sections 

not  exceeding    10   in.   in  thickness,   or 

hollow  forgings  the  walls  of  which   do 

not  exceed  10  in.  in  thickness. 


(4.)  A  specimen,  one  inch  by  one-half  inch  (1  in.  by 
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\  in.),  shall  bend  cold  180°  without  fracture  on  outside 
of  bent  portion  as  follows  around  a  diameter  of  \  in. 
for  forgings  of  soft  steel;  around  a  diameter  of  ij  in. 
for  forgings  of  carbon  steel  not  annealed;  around 
a  diameter  of  1^  in.  for  forgings  of  carbon  steel  if  20  in.  in 
diameter  or  over;  around  a  diameter  of  1  in.  for  forgings 
of  carbon  steel  annealed  if  under  20  in.  in  diameter ;  around 
a  diameter  of  1  in.  for  forgings  of  carbon  steel  oil-tem- 
pered; around  a  diameter  of  J  in.  for  forgings  of  nickel 
steel  annealed;  around  a  diameter  of  1  in.  for  forgings 
of  nickel  steel  oil-tempered. 

(5.)  The  standard  turned  test  specimen,  one-half  inch 
{\  in.)  diameter  and  two  inch  (2  in.)  gauged  length,  shall 
be  used  to  determine  the  physical  properties  specified  in 
paragraph  No.  3.  It  is  shown  in  Fig.  109.  Number  and 
location  of  tensile  specimens  : — 

(6.)  The  number  and  location  of  test  specimens  to  be 
taken  from  a  melt,  blow,  or  a  forging  shall  depend  upon 
its  character  and  importance,  and  must  therefore  be  regu- 
lated by  individual  cases;  the  test  specimens  shall  be  cut 
cold  from  the  forging,  or  full-sized  prolongation  of  same 
parallel  to  the  axis  of  the  forging,  and  halfway  between 
the  centre  and  outside  the  specimens  to  be  longitudinal — 
i.e.  the  length  of  the  specimen  to  correspond  with  the 
direction  in  which  the  metal  is  most  drawn  out  or  worked. 
When  forgings  have  large  ends  or  collars,  the  test  ^speci- 
mens shall  be  taken  from  a  prolongation  of  the  same 
diameter  or  section  as  that  of  the  forging  back  of  the 
large  end  or  collar.  In  the  case  of  hollow  shafting,  either 
forged  or  bored,  the  specimen  shall  be  taken  within  the 
finished  section  prolonged  half  way  between  the  inner  and 
the  outer  surface  of  the  wall  of  the  forging. 

(7.)  The  specimen  for  bending  test,  one  inch  by  one-half 
inch  (1  in.  by  J  in.),  shall  be  cut  as  specified  in  paragraph 
No.  6.  The  bending  test  may  be  made  by  pressure  or  by 
blows. 

(8.)  The  yield  point,  specified  in  paragraph  No.  3,  shall 
be  determined  by  the  careful  observation  of  the  drop  of 
the  beam  or  halt  in  the  gauge  of  the  testing  machine. 

(9.)  The  elastic  limit,  specified  in  paragraph  No.  3,  shall 
be  determined  by  means  of  an  extensometer,  which  is  to  be 
attached  to  the  test  specimen  in  such  a  manner  as  to  show 
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the  change  in  rate  of  extension  under  uniform  rate  of 
loading,  and  will  be  taken  at  that  point  where  the  pro- 
portionality changes.  ^ 

(10.)  Turnings  from  the  tensile  specimen  or  drillings 
from  the  bending  specimen,  or  drillings  from  the  small 
test  ingot,  if  preferred  by  the  inspector,  shall  be  used  to 
determine  whether  or  not  the  steel  is  within  the  limits 
in  chemical  composition  specified  in  paragraph  No.  2. 

(11.)  Forgings  shall  be  free  from  cracks,  flaws,  seams, 
or  injurious  imperfections,  and  shall  conform  to  dimen- 
sions shown  on  drawings  furnished  by  the  purchaser,  and 
be  made  and  finished  in  a  workmanlike  manner. 

(12.)  The  inspector  representing  the  purchaser  shall 
have  all  the  reasonable  facilities  afforded  to  him  by  the 
manufacturer  to  satisfy  him  that  the  finished  material 
is  furnished  in  accordance  with  these  specifications.  All 
tests  and  inspections  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment. 

Steel  Rails. — (l.)  (a)  Steel  may  be  made  by  the  Bes- 
semer or  open-hearth  process,  (h)  The  entire  process  of 
manufacture  and  testing  shall  be  in  accordance  with  the 
best  standard  current  practice,  and  special  care  shall  be 
taken  to  conform  to  the  following  instructions ;  (c)  Ingots 
shall  be  kept  in  a  vertical  position  in  pit-heating  furnaces ; 
(d)  no  bled  ingots  shall  be  used;  (e)  sufiicient  material 
shall  be  discarded  from  the  top  of  the  ingots  to  insure 
sound  rails. 

(2.)  Kails  of  various  weights  per  yard,  specified  below, 
shall  conform  to  the  following  limits  in  chemical  com- 
position : — 


1 
50  to  59  +     60  to  69  + 

70  to  79  + 

80  to  SO  + 

90  to  100 

pounds.     1     j/ounds. 

pounds. 

]Kunds. 

jtounds. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Carbon            

0-35-0-4O 

0-38-0-48 

0-40-0-60 

0-43-0-53 

.  0-45-0-55 

Phosphorus  shall  not 

exceed         

0-10             0-10 

0-10 

0  10 

010 

Silicon  shall  not  ex- 

1 

ceed  

0-20 

0-20 

0-20 

0-20 

0-20 

Manganese     

0-70-1 -00 

0-70-1-00 

0-75-1  05 

0-80-1-10 

O-80-l-lO 

(3.)  One  drop  test  shall  be  made  on  a    piece    of    rail 
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not  more  than  6  ft.  long,  selected  from  every  fifth  blow 
of  steel.  The  rail  shall  be  placed  head  upwards  on  the 
supports,  and  various  sections  shall  be  subjected  to  the 
following  impact  tests  : — 


Weight  o/raU. 

Height  of  drop. 

Fuunds  per  yarc 

1. 

Feet. 

, 

45  to  and 

including 

65 

•  •• 

15 

More  than  55 

if 

if 

65 

•  •  • 

16 

n 

65 

ft 

>» 

75 

•  •  • 

17 

» 

76 

>» 

•  »> 

85 

•  •  • 

18 

» 

85 

>» 

»» 

100 

19 

If  any  rail  break  when  subjected  to  the  drop  test,  two 
additional  tests  will  be  made  of  other  rails  from  the  same 
blow  of' steel,  and  if  either  of  these  latter  test^  fail,  all 
the  rails  of  the  blow  which  they  represent  will  be  rejected; 
but  if  both  of  these  additional  test  pieces  meet  the  re- 
quirements, all  the  rails  of  the  blow  which  they  represent 
will  be  accepted.  If  the  rails  from  the  tested  blow  shall 
be  rejected  for  failure  to  meet  the  requirements  of  the 
drop  test  as  above  specified,  two  other  rails  will  be  sub- 
jected to  the  same  tests,  one  from  the  blow  next  preceding 
and  one  from  the  blow  next  succeeding  the  rejected  blow. 
In  case  the  first  test  taken  from  the  preceding  or  succeed- 
ing blow  shall  fail,  two  additional  tests  shall  be  taken 
frqm  the  same  blow  of  steel,  the  acceptance  or  rejection 
of  which  shall  also  be  determined  as  specified  above;  and 
if  the  rails  of  the  preceding  or  succeeding  blow  shall  be 
rejected,  similar  tests  may  be  taken  from  the  previous  or 
following  blows,  as  the  case  may  be,  until  the  entire  group 
of  five  blows  is  tested,  if  necessary.  The  acceptance  or  the 
rejection  of  all  the  rails  from  any  blow  will  depend  upon 
the  result  of  the  tests  thereof. 

(4.)  The  drop  test  machine  shall  have  a  tup  of  two 
thousand  pounds  (2,000  lb.)  weight,  the  striking  face  of 
which  shall  have  a  radius  of  not  more  than  five  inches 
(5  in.),  and  test  rail  shall  be  placed  head  upwards  on 
solid  supports  three  feet  (3  ft.)  apart.  The  anvil  block 
shall  weigh  at  least  twenty  thousand  pounds  (20,000  lb.), 
and  the  supports  shall  be  a  part  of,  or  firmly  secured  to, 
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the  anvil.    The  report  of  the  test  shall  state  the  atmo- 
spheric temperature  at  the  time  the  tests  were  made. 

(5.)  The  manufacturer  shall  furnish  the  inspector, 
daily,  with  carbon  determinations  of  each  blow,  and  a 
complete  chemical  analysis  every  twenty-four  hours,  repre- 
senting the  average  of  the  other  elements  contained  in  the 
steel.  These  analyses  shall  be  made  on  drillings  taken 
from  a  small  test  ingot. 

(6.)  Unless  otherwise  specified,  the  section  of  the  rail 
shall  be  the  American  standard,  recommended  by  the 
American  Society  of  Civil  Engineers,  and  shall  conform, 
as  accurately  as  possible,  to  the  template  furnished  by  the 
railroad  company,  consistent  with  paragraph  No.  7, 
relative  to  specified  weight.  A  variation  in  height  of 
one  sixty-fourth  of  an  inch  (-^^  in.)  less  and  one  thirty- 
second  of  an  inch  (-^^  in.)  more.  A  perfect  fit  of  the  splice 
bars,  however,  shall  be  maintained  at  all  times. 

(7.)  The  weight  of  the  rails  shall  be  maintained  as 
nearly  as  possible,  after  complying  with  paragraph 
No.  6,  to  that  specified  in  contract.  A  variation  of 
one  half  of  one  per  cent,  (i  %)  for  an  entire  order  will 
be  allowed.  Rails  shall  be  accepted  and  paid  for  accord- 
ing to  actual  weights. 

(8.)  The  standard  length  of  rails  shall  be  thirty  feet 
(30  ft.).  Ten  per  cent.  (10  %)  of  the  entire  order  will  be 
accepted  in  shorter  lengths,  varying  by  even  feet  down  to 
twenty-four  feet  (24  ft.).  A  variation  of  one-fourth  of  an 
inch  (J  in.)  in  length  from  that  specified  will  be  allowed. 

(9.)  Circular  holes  for  splice  bars  shall  be  drilled 
in  accordance  with  the  specifications  of  the  purchaser. 
The  holes  shall  accurately  conform  to  the  drawing  and 
dimensions  furnished  in  every  respect,  and  must  be  free 
from  burrs. 

(10.)  Rails  shall  be  straightened  while  cold,  smooth  on 
head,  sawed  square  at  ends,  and,  prior  to  shipment,  shall 
have  the  burr,  occasioned  by  the  saw  cutting,  removed, 
and  the  ends  made  clean.  No.  1  rails  shall  be  free  from 
injurious  defects  and  flaws  of  all  kinds. 

(11.)  The  name  of  the  maker,  the  month  and  year  of 
manufacture,  shall  be  rolled  in  raised  letters  qn  the  side 
of  the  web,  and  the  number  of  the  blow  shall  be  stamped 
on  each  rail. 
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(12.)  The  inspector  representing  the  purchaser  shall 
have  all  reasonable  facilities  afforded  to  him  by  the  manu- 
facturer to  satisfy  him  that  the  finished  material  is  fur- 
nished in  accordance  with  these  specifications.  All  tests 
and  inspections  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment. 

(13.)  Rails  that  possess  any  injurious  physical  defects 
or  which,  for  any  other  cause,  are  not  suitable  for  first 
quality,  or  No.  1  rails,  shall  be  considered  as  No.  2  rails, 
provided,  however,  that  rails  which  contain  any  physical 
defects  which  seriously  impair  their  strength  shall  be 
rejected.  The  ends  of  all  No.  2  rails  shall  be  painted,  in 
order  to  distinguish  them. 

Structural  Steel  for  Bridges  and  Ships. —  (l.)  Steel 
shall  be  made  by  the  open-hearth  process. 

(2.)  Each  of  the  three  classes  of  structural  steel  for 
bridges  and  ships  shall  conform  to  the  following  limits 
in  chemical  composition  : — 


Steel  made  by 
the  acid  process. 

Steel  made  by 
the  basic  process. 

Phosphorus  shall  not  exceed       

Sulphur  shall  not  exceed 

Per  cent. 

0  08 
0-06 

Per  cent. 

0-06 
0-06 

(3.)  There  shall  be  three  classes  of  structural  steel 
for  bridges  and  ships,  namely  :  Rivet  steel,  soft  steel, 
and  medium  steel,  which  shall  conform  to  the  following 
physical  qualities  : —     . 

Tensile  Tests. 


Rivet  steel. 

Soft  steel. 

Medium  steel. 

Tensile  strength,  pounds 
per  sq.  in.      

Yield  point  in  pounds 
per  sq.  in.  shall  not  be 
less  than        

Elongation  per  cent,  in 
8  in.  shall  not  he  less 

than    ...         ...         ... 

1 

60,000-60,000 

iT.S. 

26 

52,000-62,000 

JT.S. 

25 

60,000-70,000 

iT.  S. 

22 
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(4.)  For  material  less  than  five-sixteenths  inch  (^\  in.) 
and  more  than  three-fourths  inch  (j  in.)  in  thickness, 
the  following  modifications  shall  be  made  in  the  re- 
quirements for  elongation  : — (a.)  For  each  increase  of  one« 
eighth  inch  (J  in.)  in  thickness  above  three-fourths  inch 
(j  in.),  a  deduction  of  one  per  cent.  (1  %)  shall  be 
made  from  the  specified  elongation,  (b.)  For  each  de- 
crease of  one-sixteenth  inch  (y^^in.)  in  thickness  below  five- 
sixteenths  inch  (y*^in.),  a  deduction  of  two  and  one-half 
per  cent.  (2 J  %)  shall  be  made  from  the  specified  elonga- 
tion, (c.)  For  pins  made  from  any  of  the  three  classes 
of  steel,  the  required  elongation  shall  be  five  per  cent. 
(5  %)  less  than  that  specified  in  paragraph  No.  3,  as 
determined  on  a  test  specimen,  the  centre  of  which  shall 
be  one  inch  (1  in.)  from  the  surface. 

(5.)  Eye  bars  shall  be  of  medium  steel.  Full-sized 
tests  shall  show  twelve  and  one-half  per  cent.  (12^  %) 
elongation  in  fifteen  feet  (15  ft.)  of  the  body  of 
the  eye  bar,  and  the  tensile  strength  shall  not  be 
less  than  fifty-five  thousand  pounds  (55,000  lb.)  per 
square  inch.  Eye  bars  shall  be  required  to  break 
in  the  head,  and  show  twelve  and  one-half  per  cent. 
(12 J  %)  elongation  in  fifteen  feet  (15  ft.)  and  the 
tensile  strength  specified,  it  shall  not  be  cause  for  rejec- 
tion, provided  that  not  more  than  one-third  (J)  of  the  total 
number  of  eye  bars  tested  break  in  the  head. 

(6.)  The  three  classes  of  structural  steel  for  bridges  and 
ships  shall  conform  to  the  following  bending  tests,  and 
for  this  purpose  the  test  specimen  shall  be  one  and  one- 
half  inches  (li  in.)  wide,  if  possible;  and  for  all  material 
three-fourths  inch  (|  in.)  or  less  in  thickness  the  test 
specimen  shall  be  of  the  same  thickness  as  that  of  the 
finished  material  from  which  it  is  cut,  but  for  material 
more  than  three-fourths  inch  (|  in.)  thick,  the  bending 
test  specimen  may  be  one-half  inch  (J  inch.)  thick.  Rivet 
rounds  shall  be  tested  of  full  size  as  rolled,  (d.)  Rivet 
steel  shall  bend  cold  180°  flat  on  itself,  without  fracture  on 
the  outside  of  the  bent  portion,  (e.)  Soft  steel  shall  bend 
cold  180°  flat  on  itself,  without  fracture  on  the  outside  of 
the  bent  portion.  (/.)  Medium  steel  shall  bend  cold  180° 
around  a  diameter  equal  to  the  thickness  of  the  specimerf 
tested,  without  fracture  on  the  outside  of  the  bent  portion. 
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(7.)  The  standard  test  specimen,  of  eight-inch  (8-in.) 
gauged  length,  shall  be  used  to  determine  the  physical 
properties  specified  in  paragraphs  Nos.  4  and  5.  The 
standard  shape  of  the  test  specimen  for  sheared  plates 
shall  be  as  shown  in  Fig.  11.  For  other  material  the 
test  specimen  may  be  same  as  for  sheared  plates,  or  it 
may  be  planed  or  turned  parallel  throughout  its  entire 
length,  and,  in  all  cases  where  possible,  two  opposite  sides 
of  the  test  specimens  shall  be  the  rolled  surfaces.  Rivet 
rounds  and  small  rolled  bars  shall  be  tested  of  full  size 
as  rolled. 

(8.)  One  tensile  test  specimen  shall  be  taken  from  the 
finished  material  of  each  melt,  but  in  case  this  develops 
flaws  or  breaks  outside  of  the  middle  third  of  its  gauged 
length,  it  may  be  discarded  and  another  test  specimen  sub- 
stituted therefor. 

(9.)  One  test  specimen  for  bending  shall  be  taken  from 
the  finished  material  of  each  melt  as  it  comes  from  the 
rolls,  and  for  material  three-fourths  inch  (j  in.)  and  less 
in  thickness,  this  specimen  shall  have  the  natural  rolled 
surface  on  two  opposite  sides.  The  bending  test  specimen 
shall  be  one  and  one-half  inches  (Ij  in.)  wide,  if  possible, 
and  for  material  more  than  three-fourths  inch  (}  in.)  thick 
the  bending  test  specimen  may  be  one-half  inch  (J  in.) 
thick.  The  sheared  edges  of  bending  test  specimens  may 
be  milled  or  planed,  (g.)  The  bending  test  may  be  made 
by  pressure  or  by  blows. 

(10.)  Material  which  is  to  be  used  without  annealing 
or  further  treatment  shall  be  tested  for  tensile  strength 
in  the  condition  in  which  it  comes  from  the  rolls.  Where 
it  is  impracticable  to  secure  a  test  specimen  from  material 
which  has  been  annealed  or  otherwise  treated,  a  full-sized 
section  of  tensile  test  specimen  length  shall  be  similarly 
treated  before  cutting  the  tensile  test  specimen  therefrom. 

(11.)  For  the  purpose  of  this  specification,  the  yield 
point  shall  be  determined  by  the  careful  observation 
of  the  drop  of  the  beam  or  halt  in  the  gauge  of  the  testing 
machine. 

(12.)  In  order  to  determine  if  the  material  conforms 
to  the  chemical  limitations  prescribed  in  paragraph  No.  2 
herein,  analysis  shall  be  made  of  drillings  taken  frona  a 
small  test  ingot. 
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(13.)  The  variation  in  cross  section  or  weight  of  liiore 
than  two  and  a  half  per  cent.  (2 J  %)  from  that  specified 
will  be  sufficient  cause  for  rejection,  except  in  the  case 
of  sheared  plates,  which  will  be  covered  by  the  following 
permissible  variations  : — (A.)  Plates  12 J  lb.  per  square  foot 


Table  for  allowaaces  for  overweight  for  rectangular  plates  when  ordered 
to  gauge.  Plates  will  be  considered  np  to  gauge  if  measuring  not 
over  Yhu  ^Q-  l^^s  than  the  ordered  gaUge. 

The  weight  of  1  cubic  in.  of  rolled  steel  is  assumed  to  be  0-2833  lb. 

Plate  J  in.  and  Over  in  Thickness. 


Width  0/  PlaU. 

Thickness  qfplaU. 

Inch, 

Up  to  75  in. 

76  lo  100  in. 

Oyer  100  in 

• 

Per  cent. 

Per  cent. 

Per  cwt. 

i 

10 

14 

18 

t-V 

8 

12 

16 

1 

7 

10 

13 

A 

6 

8 

10 

i 

5 

7 

9 

ft 

H 

81 

^ 

4 

4 

6 

8 

Over  1 

H 

5 

6i 

Plates  Under  J  in.  in  Thickness. 

Width  of  plate. 

Thickness  of  plate. 
Inch. 

Up  to  50  in. 
Per  cent. 

50  in.  and  above. 
Per  cent. 

i 

up  to 

A 

10 

16 

ttV 

» 

7 

IS 

H 

12J 

^ 

» 

i 

7 

10 

or  heavier,  up  to  100  in.  wide,  when  ordered  to  weight, 
shall  not  average  more  than  2j  per  cent,  variation  above  or 
2i  per  cent,  below  the  theoretical  weight,  (i.)  Plates 
under  12j  lb.  per  square  foot,  when  ordered  to  weighty 
shall  not  average  a  greater  variation  than  the  following  : 
Up  to  75  in.  wide,  2i  per  cent,  above  or  2i  per  cent,  below 
the  theoretical  weight;  75  in,  wide  up  to  100  in.   wide, 
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5  per  cent,  above  or  3  per  cent,  below  the  theoretical 
weight;  when  100  in.  wide  and  over,  10  per  cent,  above  or 
3  per  cent,  below  the  theoretical  weight.  0*.)  For  all 
plates  ordered  to  gauge,  there  will  be  permitted  an  average 
excess  of  weight  over  that  corresponding  to  the  dimensions 
on  the  order  equal  in  amount  to  that  specified  in  the 
table  on  p.  — . 

(14.)  Finished  plates  must  be  free  frftm  injurious 
seams,  flaws,  or  cracks,  and  have  a  workmanlike  finish. 

(15.)  Every  finished  piece  of  steel  shall  be  stamped  with 
the  melt  number,  and  steel  for  piers  shall  have  the  melt 
number  stamped  on  the  ends.  Rivets  and  lacing  steel, 
and  small  pieces  for  pin  plates  and  stiffeners,  may  be 
shipped  in  bundles,  securely  wired  together,  with  the 
melt  number  on  a  metal  tag  attached. 

(16.)  The  inspector  representing  the  purchaser  shall 
have  all  reasonable  facilities  afforded  to  him  by  the 
manufacturer  to  satisfy  him  that  the  finished  material 
is  furnished  in  accordance  with  these  specifications.  All 
tests  and  inspections  shall  be  made  at  the  place  of  manu- 
facture prior  to  shipment. 
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CHAPTER    XVI. 


ALLOY  STEELS. 


These  are  steels,  usually  low  in  carbon,  to  which  some 
other  metal  or  metals  have  been  added,  and  often  differing 
considerably  in  properties  from  the  carbon  steels. 
Ternary  steels  are  those  containing  one  metal  in  addition 
to  the  iron  and  carbon,  .those  with  two  such  metals  being 
termed  quaternary.  Small  variations  in  the  percentage  of 
the  alloying  element  frequently  produces  modifications  in 
the  physical  character  of  the  steel  totally  out  of  proportion 
to  the  amount  of  change  in  composition,  and  further 
variation  may  be  produced  by  altering  in  a  slight  degree 
the  percentage  of  carbon  present. 

Ternary  steels  may  be  classified  according  to  the  effect 
of  the  added  metal  on  the  critical  points  of  the  steeL 
and  the  arrangement  of  the  steels  in  this  chapter  is  based 
on  the  following  table  : — 


MetcU  adiUd. 


Manganese  . 
Nickel 

Chromium    . 

Molybdenum 

Tungsten 

Vanadium 

Aluminium 

Silicon 

Cobalt 

Tin 

Tit:inium 


Gtnei'ul  effect. 


Classes  of  steel  produced. 


)  I  Lower  the  conversion  points    (  Pearlite,     martensite, 
I  '      All,  etc.  I  \      and  y  iron. 

Lowers  conversion  points  and  '  )  Pearlite,     martensite, 
double  carbide  is  formed       j      and  double  carbide. 


Form  a  double  carbide 


Pearlite    and     double 
carbide. 


Separate  carbon  as  graphite     A^^tJ^'L.^^    ''''°'" 
Merely  dissolve  in  the  iron 


\     bined  carbon. 
Only  pearlitic. 


The  usual  method  of  introducing  the  required  element 
into  the  steel  is  by  means  of  a  ferro-compound,  rich  in  the 
metal,  added  while  the  steel  is  in  the  ladle,  or  even  whilst 
it  is  teeming  into  the  ingot  moulds.     It  is  often  prefer- 
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Fe       C      Ni      Mn      Cu     Cr     W       Al      Si       As       P        8       Fe 
Fig.  110. — Physical  Influence  of  Elements  on  Iron — Tensile  Strength 


TOMS 


Fig.  111. — Physical  Influences  of  Elements  on  Iron — Elastic  Limit. 


Fe        C       Ni        Mn     Cu     Cr        W       Al      Si         As       P         S        Fe 
Forged  1-35  1-51  1*29  1-81  1-1    1-41    1-85  1-94  1  51   136    97  Cast. 

^^"  I    04  1-35    -11     -10    -10    -17     -08     -03    -08     -04     -07    -OS    -08 
^^^  >  [Content. 

Fig,  112. — Physical  Influences  of  Elepi^nts  op  Iron— Elong^tiop. 
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able  to  make  the  introduction  of  the  alloy  in  the  furnace, 
on  account  of  the  high  melting  point  of  some  of  the  ferro- 
alloys. Some  of  the  added  metal  will  pass  into  the  slag, 
but  if  proper  care  is  taken  to  keep  the  slag  not  too  oxidis- 
ing, only  a  small  proportion  is  lost  in  this  way. 

A  general  notion  of  the  properties  of  steels  with  ap- 
proximately 1^  per  cent,  of  various  alloying  elements  is 
shown  by  the  following  diagram  representing  mechanical 
tests  (Figs.  110  to  112). 

.Manganese  Steels. — Manganese  is  usually  added  to 
the  molten  steel,  after  it  is  tapped  into  the  ladle,  in  the 
form  of  ferro-mangariese,  often  containing  up  to  85  per 
cent,  of  manganese.  For  ordinary  steels  the  ferro-man- 
ganese  is  used  for  the  removal  of  oxygen  from  the  metal, 
so  that  a  considerable  proportion  of  the  manganese  finds 
its  way  into  the  slag,  leaving  only  from  "5  to  1*0  per  cent, 
of  mangajiese  in  the  finished  steel.  This  quantity  seems 
to  have  almost  no  influence  on  the  physical  properties  of 
the  steel,  except  to  counteract  the  tendency  to  red-short- 
ness; but  as  the  percentage  of  manganese  approaches 
3  per  cent.,  an  excessive  brittleness  shows  itself,  rendering 
the  metal  almost  useless;  and  when  5  to  6  per  cent,  is 
reached,  the  steel  is  so  hard  and  brittle  that  it  can 
readily  be  powdered  by  crushing.  Immediately  7  per 
cent,  of  manganese  is  exceeded,  however,  an  extraordinary 
physical  change  takes  place,  and  with  from  8  per  cent,  to 
20  per  cent,  of  manganese  an  alloy  known  popularly  as 
Hadfield's  manganese  stieel  is  obtained,  possessing  very 
remarkable  characteristics. 

Manganese,  below  '2  per  cent.,  in  mild  steel  makes  it 
difficult  to  roll  or  forge,  but  the  malleability  returns  as 
the  percentage  increases.  Below  "5  per  cent,  of  manganese 
content  leaves  the  steel  very  full  of  blow-holes,  and  up  to 
1  per  cent,  is  required  for  eliminating  these.  Above  this 
percentage,  the  manganese,  although  increasing  the  tensile 
strength,  so  diminishes  the  elongation  and  transverse 
strength  that,  when  2j  per  cent,  is  attained,  the  metal  is 
absolutely  rotten  through  brittleness.  Maximum  brittle- 
ness occurs  with  the  manganese  content  about  6  per  cent., 
and  towards  6i  per  cent,  a  small  increment  of  strength 
occurs,  but  the  transverse  strength  still  does  not  exceed 
that  of  a  good  cast  iron  (12  tons  per  sq.  in.).     Hammering 
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and   forging  considerably   augment  the  tensile  strength, 
but  not  enough  to  render  the  steel  useful  commercially. 

Very  different  are  the  properties  of  the  metal  so  soon 
as  7*5  per  cent,  of  manganese  is  present.  Not  only  do  the 
brittleness  and  excessive  hardness  begin  to  vanish,  but  the 
elongation  is  considerably  increased,  until,  when  10  per 
cent,  of  manganese  is  reached,  the  most  easily  machined 
of  this  series  of  alloys  is  obtained.    The  most  frequently 
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1\S. 
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— 

Fig.  113. — Table  of  Mechanical  Tests  made  with  Manganese  Steels. 

Note  : — Throughout  this  chapter  the  figures  given  in  the  various 
tables  are  in  standard  units,  viz. :  Tensile  Strength  [T.S.]  in  tons 
per  square  inch  ;  Elastic  Limit  [E.L.]  in  tons  per  square  inch  ;  Elonga- 
tion  [X]  percentage  ductility ;  Contraction  [C]  percentage  reduction 
of  area. 

made  alloy,  however,  contains  approximately  13  per  cent, 
of  manganese  with  an  accompanying  1  per  cent,  of  carbon ; 
such  a  steel  giving,  after  being  water  quenched,  the  re- 
markable average  tensile  strength  of  65  tons  per  sq.  in., 
and  about  50  per  cent,  elongation.  This  latter  extra- 
ordinary figure  requires  explanation,  in  so  far  as  it  is 
not  in  strict  comparison  with  the  elongation  of  a  carbon 
steel.  The  ordinary  steel  "  necks  ''  before  fracture,  and 
only  at  this  contracted  region  does  considerable  elonga- 
tion take  place,  but  manganese  steels  "  neck  ''  very  little, 
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the  elongation  being  more  uniformly  distributed  over  the 
whole  length  of  the  test  piece. 

Apart  from  the  peculiar  property  of  being  almost 
completely  non-magnetic,  manganese  steel  is  perhaps  most 
remarkable  for  the  changes  it  shows  when  subjected  to 
varying    heat   treatment,    as    shown    by    the    un demoted 
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Fig.  114. — Effect  of  Manganese  on  Tensile  Strength  and  Elongation 

of  Water-quenched  Steel. 


table  of  mechanical  tests  also  shown  graphically   (Figs. 
113  and  114). 

It  will  thus  be  seen  that  the  use  of  manganese  steel 
is  likely  to  be  restricted  on  account  of  the  difficulty  of 
machining  and  filing  it,  but  it  can  be  partially  softened 
by  treatment  in  the.  following  manner  :  The  tool  is  heated 
to  very  little  over  1,000°  C,  and  suddenly  quenched  in 
cold  water  nearly  at  the  freezing  point,  when  the  metal 
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becomes  soft  enough  to  be  easily  filed  or  even  planed. 
To  restore  the  former  hardness,  reheating  to  a  bright 
red  heat  (say  1,000°  C.)  and  slowly  cooling  it  in  air  is 
sufficient.  This  property  of  toughening  without  quench- 
ing is  known  as  "  self -hardening  '*  (see  also  Tungsten 
Steel). 

For  high  manganese  steels  with  upwards  of  12  per  cent, 
manganese  (carbon  about  1  per  cent.),  a  very  great  in- 
crease in  both  tensile  strength  and  the  ductility  may  be 
got  by  heating  almost  to  a  white  heat  (say  1,200°  C.)  and 
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Fig.  115. — ^Table  of  Mechanical  Tests  made  with  Nickel  Steel. 


then  quenching  suddenly,  care  being  taken  not  to  have 
too  large  forgings,  or  else  there  will  be  a  tendency  for  the 
metal  to  crack. 

One  peculiarity  of  manganese  steel  is  that,  on  cooling, 
the  curve  obtained  is  a  continuous  one,  without  re- 
tardation, which  is  to  say  there  is  no  recalescence 
observable. 

The  main  use  of  manganese  steel  is  confined  to  pur- 
poses where  extreme  hardness  is  necessary,  such  as  the 
working  faces  of  crushing  mills  and  grinding  machinery. 
Car  wheels,  also  tram  and  railway  crossings,  are  fre- 
quently made  of  this  alloy.     For  the  high  resistance  coils 
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Fig.  H6. — Graph  of  Nickel  Steel  Properties. 

in  electrical  apparatus  it  is  sometimes  employed.  Safes 
made  of  manganese  steel  cannot  have  the  "  temper 
drawn ''    by   means   of   the  blow-pipe,    so   that   drillipg, 
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preliminary  to  blasting,  is  impossible.  Very  satisfactory 
razors  and  axes  have  been  made  from  a  Hadfield  steel 
containing  13*75  per  cent,  manganese  and  85  per  cent,  of 
carbon;  this  alloy,  after  forging  and  water  toughening, 
gave,  on  testing,  a  tensile  strength  of  65  tons  per  sq.  in. 
and  almost  51  per  cent,  elongation. 

Nickel  Steel. — Nickel  steel  is  always  prepared  by  add- 
ing the  nickel  to  the  molten  steel  in  the  furnace,  since  its 
high  melting  point  (about  1,650°  C.)  precludes  its  addi- 
tion to  the  metal  in  the  ladle.  Small  proportions  of  car- 
bon perceptibly  lower  the  melting  point  of  the  steel,  so 
that  it  can  readily  be  remelted  in  crucibles  to  ensure  a 
homogeneous  alloy. 

The  general  effect  of  nickel  is  to  increase  the  strength 
of  the  steel  as  well  as  the  ductility,  imparting  at  the 
same  time  considerable  toughness.  Nickel  very  materially 
alters  the  physical  properties  of  steel,  as  seen  from  the 
table  of  mechanical  tests  and  graphs  (Figs.  115  and  116). 

Up  to  about  20  per  cent,  of  nickel  the  tensile  strength 
and  elastic  limit  vary  directly  with  the  increase  of  nickel 
content,  the  elongation  falling  away  at  the  same  time,  most 
noticeably  after  15  per  cent,  is  exceeded;  but  with  over 
20  per  cent,  of  nickel  the  strength  falls  away  and  the 
elongation  increases  abnormally,  up  to  about  30  per  centr 
of  nickel.  Approximately,  3'5  per  cent,  of  nickel  has  the 
same  effect  as  '2  per  cent,  of  carbon  on  the  tensile  strength 
of  steel,  but  the  elastic  limit  and  the  ductility  are  slightly 
better  in  the  nickel  steel.  The  influence  of  nickel  is  not 
much  affected  by  low  carbon  percentages,  but  as  the  latter 
increases  there  is  a  marked  effect,  especially  in  lowering 
the  elastic  limit  and  in  increasing  the  power  of  harden- 
ing on  quenching. 

The  most  important  characteristic  of  nickel  steel  is  its 
high  vibrating  strength,  that  is,  the  power  of  resisting 
without  fracture  a  large  number  of  alternating  stresses 
well  within  the  breaking  strength.  Mild  steel,  suitably 
annealed,  can  be  made  to  stand  about  100,000  applications 
of  pressure  without  rupture,  whereas  a  similar  bar  of 
5  per  cent,  nickel  steel,  with  low  carbon  content,  will 
stand  about  ten  times  as  many  alternations.  Impact  tests 
show  nickel  steels  to  have  a  high  degree  of  rigidity  and 
toughness;  for  example,  a  3  per  cent,   nickel  steel  only 
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gave  about  48  per  cent,  of  the  deflection  of  a  correspond- 
ing carbon  steel,  and  the  number  of  blows  required  to 
produce  rupture  was  45  per  cent,  greater. 

Nickel  behaves  on  steel  under  heat  treatment  much  the 
same  as  carbon  does.  Thus,  nickel  alone,  in  the  absence 
of  carbon,  gives  steel  the  power  of  hardening  and  acquir- 
ing increased  strength  on  quenching,  and  in  presence  of 
carbon  this  power  is  much  augmented. 

When  cooled  from  high  temperatures,  nickel  steels 
give  apparently  only  one  recalescence  point,  and  that  at 
a  very  considerably  lower  temperature  than  ordinary 
carbon  steel,  so  that  the  annealing  temperature  has  to  be 
kept  lower  than  for  ordinary  carbon  steel,  and  the  nickel 
steel  will  harden  on  quenching  from  a  much  lower  tem- 
perature. 

The  hardening  effect  of  quenching  nickel  steel  ceases 
when  about  10  per  cent,  of  nickel  is  present,  although  this 
property  is  quite  marked  when  the  percentage  is  lower. 
With  between  10  per  cent,  and  20  per  cent,  nickel,  neither 
quenching  nor  annealing  exerts  any  effect,  but  above  20 
per  cent,  nickel  content  the  quenching  distinctly  softens 
the  alloy,  and  this  weakening  effect  is  very  decided  at 
30  per  cent,   nickel  content. 

Nickel,  like  aluminium,  tends  to  check  segregation 
in  steel,  as  shown  by  the  fine  grain  of  nickel  steel,  an 
effect  probably  due  to  double  carbides  of  high  melting 
point  being  formed,  thereby  causing  the  whole  mass  in  the 
ingot  to  set  almost  simultaneously.  Nickel  does  not  pre- 
vent blow-holes,  and  this  is  one  of  the  great  difficulties  of 
the  nickel  steel  maker,  since,  if  these  once  form,  they 
do  not  readily  weld  up  on  rolling.  Nickel  under  1  per 
cent,  does  not  appear  to  affect  the  welding  properties  of 
the  steel,  but  above  this  the  welding  becomes  more  diffi- 
cult, although,  even  with  3  per  cent,  of  nickel  in  the  steel, 
good  results  can  be  obtained  with  care.  The  tenacity  with 
which  the  film  of  oxide  adheres  to  the  surface  of  the 
metal  does  undoubtedly  interfere  seriously  with  the  weld- 
ing, and  this  difficulty  is  increased  with  increasing  per- 
centage of  nickel. 

The  magnetic  properties  of  nickel  steel  are  very  pecu- 
liar; thus,  25  per  cent,  nickel  steel  shows  no  magnetic 
properties  until  cooled  down  to  —40°  C,  and  then  it  re- 
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mains  magnetic  at  ordinary  temperatures.  When  heated 
to  600°  C,  however,  the  original  non-magnetic  state  re- 
turns. This  phenomenon  is  known  as  non-reversible  trans- 
formation, and  is  possessed  to  a  greater  or  less  degree 
by  nickel  steels  containing  25  per  cent,  or  under.  It  may 
be  defined  as  the  capability  of  existing  at  ordinary  tem- 
peratures in  two  different  states,  characterised  by  the  ap- 
pearance or  disappearance  of  magnetism,  and,  moreover, 
when  magnetic,  possessing  higher  tensile  strength  and 
lower  elongation  than  when  non-magnetic.  Chromium  is 
often  added  to  assist  in  lowering  the  irreversible  trans- 
formation point,  as  shown  by  the  following  results  of 
recent  research  on  the  mechanical  properties  of  two  simi- 
lar alloys  : — 
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The  difference  in  the  elongation  is  most  remarkable,  as 
shown  by  the  illustration  from  a  recent  work  (Fig.  117). 
It  will  be  noticed  that  the  magnetic  steel  undergoes  de- 
formation only  at  the  point  of  fracture,  and  remains  for 
the  greater  part  of  its  length  as  bright  as  when  turned, 
whereas  the  non-magnetic  variety  suffers  preliminary  de- 
formation over  its  whole  length,  and  then  the  usual  "  neck- 
ing "  takes  place  at  the  region  of  fracture.  It  is  also 
to  be  noted  that  the  ratio  of  elastic  limit  to  tensile 
strength  varies  from  87  per  cent,  in  the  magnetic  to 
42  per  cent,  in  the  non-magnetic  test  piece. 

Steel  with  more  than  25  per  cent,  of  nickel  present  is 
capable  of  undergoing  reversible  transformation,  which 
implies  the  loss  of  the  magnetic  property  on  heating,  but 
the  recovery  of  this  magnetism  on  cooling  to  the  tem- 
perature at  which  heating  commenced;  but  this  pro- 
duces a  much  weaker  degree  of  magnetism  than  does  the 
irreversible     transformation.       The    maximum     effect    of 
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reversible  transformation  is  reached  with  a  36  per  cent. 
nickel  steel  alloy,  but  it  is  not  of  special  interest,  since  it 
does  not  appreciably  alter  the  mechanical  properties,  with 
the  sole  exception  of  the  dilation.  After  a  36  per  cent, 
nickel  steel  has  undergone  reversible  transformation,  the 
variation  of  volume  with  change  of  temperature  becomes 
practically  nil,  rendering  such  an  alloy  of  some  consider- 
able service  for  making  self-comp  en  sating  springs  for 
watch-making,  and  also  for  motor  valves.  The  dilation  of 
an  18  per  cent,  nickel  steel  is  very  abnormal,  and  deserves 
mention.  A  test  bar,  on  cooling  gradually  from  200°  C, 
will   contract   uniformly    until   the   temperature   falls  to 


Fig.  117,— Test  Pieoea  of  IG  percent.  Kiokel  Steel. 

130°  C,  and  then  it  expands  during  the  time  the  tem- 
perature falls  to  60°  C,  when  contraction  again  resumes. 
If  now  the  bar  be  heated  up  to  a  temperature  less  than 
130°  C.  (say  100°  C),  it  will  expand  normally  and  con- 
tract on  cooling  to  100°  C.,  when  it  immediately  expands 
once  more  until  60°  C.  is  reached. 

That  niokcl  steel  corrodes  very  much  less  than  either 
wrought  iron  or  mild  stee!  is  shown  by  Professor  Howe's 
comparative  figures  obtained  from  specimens  exposed  for 
about  one  year  under  various  conditions : — 

M'ltxtliertd,  Fresh  imfcr.  Sra  waUr.  Accrnge. 

21}  pur  cent,  nickol  steel      ...      30                32                32  31 

3  per  c«nt.  nickel  Bted      ...      67                80                S3  77 

Mild  curbon  etecl      103                94              114  103 

W'rouglitiron(aBB[an<laTdJ...    100              100              100  100 
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Four  per  cent,  of  nickel  in  steel  does  not  appear  to  make 
very  much  difference  on  the  resistance  of  the  alloy  to 
corrosion,  but  with  about  18  per"  cent,  and  upwards  of 
nickel  the  alloy  is  practically  incorrodible.  Advantage  of 
this  is  taken  in  the  manufacture  of  torpedo  netting  in 
America,  where  an  alloy  of  steel  with  '4  per  cent,  carbon 
and  almost  30  per  cent,  of  nickel  is  found  to  combine  high 
tensile  strength  with  complete  immunity  from  corrosion  in 
the  sea.     The  wire  draws  like  ordinary  mild  steel. 

Great  ductility  and  a  high  limit  of  elasticity  gives 
nickel  steel  a  great  value  for  shafting.  Intermittent  stress 
is  very  much  more  destructive  than  continuous,  and  this 
repetition  soon  causes  rupture.  Three  to  4  per  cent,  of 
nickel  present  in  steel  increases  six-fold  the  number  of 
rotations  such  a  shaft  could  stand,  compared  with  an 
ordinary  steel  shaft.  For  armour  plate,  3  to  3j  per  cent, 
of  nickel,  with  "25  per  cent,  of  carbon,  in  steel  combines 
high  tensile  strength  with  great  hardness.  This  has 
brought  nickel  steel  very  largely  into  use  as  a  projectile 
resisting  material.  It  is  deeply  carburised  on  the  impact 
face,  and  its  special  merit  lies  not  so  much  in  resistance 
to  perforation,  but  that,  if  penetrated  deeply,  it  does  not 
crack  or  splinter.  Chromium  is  often  employed  as  an 
auxiliary  in  quaternary  nickel  steel  for  armour  plate, 
the  carbon  ranging  from  '25  to  "5  per  cent.,  the  nickel 
content  from  2  to  3^  per  cent.,  and  the  chromium  not  more 
than  1  to  ij  per  cent.  In  this  case  the  nickel  seems  to  add 
toughness,  whilst  the  carbon  and  chromium  harden  the 
alloy.  Similar  steel  with  low  carbon  ('25  to  '45  per  cent.), 
with  higher  nickel  content  (from  5  to  6  per  cent.),  and  a 
less  percentage  of  chromium  ('5  to  1  per  cent.),  is  no\i 
in  very  extensive  use,  especially  in  France,  for  making 
shafts  and  journals  fitted  to  motor  cars.  Such  a  steel 
has  to  be  very  carefully  **  heat  treated,''  being  much  im- 
proved by  air  quenching — i.e.  slow  cooling  from  850°  C. 

The  use  of  steel  with  low  percentages  of  nickel  (1^  to 
2  per  cent.),  containing  very  little  carbon  (1  to  *15  per 
cent.),  has  now  become  general  in  the  motor  car  industry, 
especially  for  axles  and  crank  shafts,  and  generally  where 
high  resistance  to  shock  is  required. 

Nickel  steel  has  been  employed  for  various  other  mis- 
cellaneous   purposes,    such    as    plates    for    high    pressure 
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boilers  to  stand  500  lb.  per  sq.  in.,  hydraulic  cylinders, 
piston  rods  for  steam  hammers,  ordnance  and  small  arms 
(275  per  cent,  nickel  with  '2  per  cent,  of  carbon),  and  even 
tools,  with  3  to  5  per  cent,  of  nickel  and  '8  per  cent,  of 
carbon. 

Chromium  Steel. — Chromium  is  added  to  nearly 
finished  steel  in  the  furnace.  Ferro-chromium  with  about 
40  per  cent,  of  chromium  is  employed,  and  allowance  is 
made  for  about  20  per  cent,  loss  in  the  slag,  which  must 
be  basic.  For  high-class  tool  steels  it  is  preferable  to 
use  a  refined  ferro-chromium  alloy,  containing  from  60 
to  75  per  cent,  of  chromium,  made  by  reducing  chrome  iron 
ore  in  crucibles. 

The  effect  of  chromium  on  steel  is,  in  general,  to  raise 
the  tensile  strength  as  the  percentage  of  chromium  in- 
creases, without  at  the  same  time  diminishing  the  ductility 
seriously.  Up  to  1  per  cent,  of  chromium  has  little  or  no 
effect,  either  on  the  tensile  strength  or  hardness  of  the 
steel,  even  on  quenching.  In  the  absence  of  carbon,  as 
much  as  4  per  cent,  of  chromium  produces  no  greater 
hardening  than  the  same  quantity  of  aluminium,  but 
with  about  1  per  cent,  of  carbon  and  from  2  to  3  per  cent, 
of  chromium,  great  stiffness  with  undiminished  toughness 
is  attained.  Such  a  material  is  very  suitable  for  armour- 
piercing  projectiles,  if  suitably  hardened  and  tempered 
to  give  the  formation  of  the  intensely  hard  double  car- 
bides of  iron  and  chromium,  suitable  for  penetration  of 
armour  plate. 

An  unannealed  test  bar  of  5  per  cent,  chromium  steel 
has  registered  as  high  a  tensile  strength  as  72  tons  per 
sq.  in.,  dropping,  however,  to  55  tons  per  sq.  in.  on 
annealing  the  sample;  the  elongation  ranged  from  8  per 
cent,  in  the  unannealed  to  13  per  cent,  in  the  annealed 
bar.  As  the  chromium  content  increases,  the  carbon  being 
about  1  per  cent.,  the  alloy  steel  shows  great  hardness, 
increasing  with  further  increment  of  chromium,  until, 
with  about  9  per  cent,  of  chromium  content,  the  steel  can 
hardly  be  attacked  by  a  file. 

The  following  table  and  graphs  of  the  mechanical 
tests  carried  out  on  a  number  of  test  pieces  show  the 
behaviour  of  the  alloys  containing  varying  percentages 
of  chromium  :— 
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V-MLnnealed. 

Annealed, 

:ent. 

Per  cent. 

Tons  per  sq.  in. 

Per  cent. 

Tons  per  sq.  in'. 

Pert 

C. 

Cr, 
•22 

T.S. 
28 

E.  L. 

2. 

C. 

T.S. 

E.L. 
16i 

2. 

c. 

•07 

39 

64 

24 

45 

68 

•15 

•48 

31 

22i 

38 

44 

27i 

18 

45 

62 

•14 

•57 

29 

21 

41 

68 

25i 

15 

47 

69 

•12 

•84 

3U 

22 

40 

62 

28 

19 

43 

61 

•21 

1-51 

38 

24 

37 

64 

33i 

19 

38 

56 

•39 

2-54 

54 

29i 

27 

52 

44 

24i 

25 

34 

•41 

317 

64 

30 

22 

44 

m 

21i 

24 

35 

•77 

519 

74 

40 

13 

20 

55 

20 

8 

7 

•86 

6-89 

72i 

40 

14i 

27 

51 

19 

35 

46 

•71 

918 

61 

30 

18 

28 

44 

18 

25 

37 

Fig,  118. — Table  of  Mechanical  Tests  made  with  Chromium  Steels 
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Fig.  119. — Chromium  Graph  Curves,  showing  Elongation. 


Low  carbon  chromium  steels  can  be  forged  well  with 
up  to  about  12  per  cent,  of  chromium  present,  but,  as 
the  carbon  increases,  forging  makes  the  metal  hard  and 
brittle.  This  brittleness  can,  however,  be  easily  removed 
by  annealing,  'and  the  steel  is  rendered  excessively  hard 
by  quenching  in  water.     (Figs.   118,  119,   120,  and  121.) 

In  addition  to  shells,  chromium  steel,  with  about  1*2 
per  cent,  of  carbon  and  3  per  cent,  of  chromium,  is  very 
suitable  for  making  files.  Other  uses  of  this  alloy  are  the 
manufacture  of  locomotive  springs,  tyres,  and  axles;  dies 
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Fig.  120.— Chromium  Steels— Ten^le  Strength. 
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Fig.  121. — Chromium  Steels—Elastic  Limit. 


and  shoes  for  stamp  batteries,  and  any  tools  requiring 
great  hardness.  Armour  plate  is  frequently  now  made 
with  a  combined  chrome-nickel  steel.  For  safes,  alter- 
nate layers  of  chromium  steel  and  wrought  iron  are 
welded  together  and  cooled  suddenly.  The  hardness  of 
the  quenched  chromium  steel  resists  the  burglar's  drill, 
whilst  the  ductility  of  the  wrought  iron  resists  the  blows 
of  his  sledge-hammer. 
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Under  the  microscope  the  effect  of  chromium  on  steel 
is  seen  to  be  an  interference  with  the  growth  of  the  iron 
crystals,  the  granular  structure  being  very  minute,  and 
this,  no  doubt,  accounts  for  the  modifications  which  the 
chromium  effects  on  the  mechanical  properties  of  steels. 
The  effect  is  not  proportional  to  the  chromium  content, 
small  percentages  being  more  active  than  larger  amounts. 
At  first  the  chromium  seems  to  dissolve  in  the  steel,  but 
as  the  amount  increases,  a  double  carbide  of  iron  and 
chromium  is  formed,  which  possesses  great  hardness. 
This  occurs  in  the  steel  either  as  isolated  globules  or,  it 
may  be  dissolved  in  the  metallic  matrix  (on  annealing  at 
1,200°  C),  bestowing  a  very  high  degree  of  hardness  on 
the  alloy. 

Molybdenum  Steel. — Molybdenum  steel  is  very  seldom 
used  as  a  ternary  alloy,  that  is,  one  containing  only  one 
constituent  in  addition  to  carbon  in  the  steel,  excepting 
traces  of  the  other  metalloids. 

Molybdenum  is  introduced  into  the  steel  in  the  form 
of  a  ferro-molybdenum  alloy,  frequently  prepared  by  the 
alumino-thermic  process.  The  general  effect  of  from  '5 
to  2  per  cent,  of  molybdenum  on  steel  is  to  slightly  im- 
prove the  elongation  and  contraction  tests,  at  the  same 
time  giving  a  much  higher  breaking  strain  or  tensile 
strength  than  ordinary  carbon  steel.  At  about  3  per 
cent,  molybdenum  content,  the  hardness  develops  sud- 
denly, and  whilst  below  this  the  brittleness  is  not  more 
than  carbon  steels,  at  this  transition  point  the  pearlitic 
structure  disappears,  double  carbides  making  their  ap- 
pearance, along  with  extreme  hardness  in  the  alloy.  The 
breaking  strain  is  now  very  high,  as  is  also  the  limit  of 
elasticity,  with  only  a  small  percentage  elongation  and 
contraction. 

Special  tool  steel  with  molybdenum  alone  has  now 
been  abandoned  in  favour  of  quaternary  alloys,  some  con- 
taining tungsten  in  addition  to  the  molybdenum,  but  the 
most  popular  for  tools  are  the  chromium  molybdenum 
alloys.  The  high-speed  tool  steels,  for  cutting  mild  steel 
at  rates  up  to  150  ft.  per  second,  contain  from  1  to  3 
per  cent,  of  molybdenum  associated  with  from  3  to  5  per 
cent,  of  chromium,  and  from  3  per  cent,  to  as  much  as 
8  per  cent,  of  tungsten.     This  quaternary  alloy  is  "  self- 
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hardening,''  in  so  far  that,  after  heating  up  to  a  tem- 
perature well  above  the  welding  point  (say  1,000°  C.) 
and  cooling  down  slowly  by  a  regular  gradient  in  lime 
or  some  inert  substance,  great  hardness  is  imparted  to  the 
steel.  For  cutting  hard  steel,  tools  of  this  self-hardening 
alloy  are  made  by  Taylor  and  White  with  4  per  cent,  of 
molybdenum,  4  per  cent,  of  chromium,  and  5  per  cent, 
of  tungsten,  which  can  work  at  a  red  heat  without  losing 
their  cutting  edge. 

Tungsten  Steel. — Tungsten  steel  is  made  by  adding  the 
ferro-tungsten  alloy,  containing  about  80  per  cent,  of 
tungsten,  to  steel  whilst  in  the  ladle.  It  is,  however, 
sometimes  preferable  to  use  crucibles  for  melting  in  the 
alloy  for  special  high  grade  tool  steel.  Tungsten  steel 
does  not  make  sound  castings,  unless  with  the  addition  of 
a  little  aluminium  and  silicon;  the  fluidity  of  the  alloy 
is  slightly  less  than  ordinary  steel. 

The  general  effect  of  the  addition  of  tungsten  to  steel 
is  to  make  it  intensely  hard;  that  containing  about  8  per 
cent,  of  tungsten  being  sufficiently  hard  to  scratch  glass 
and  even  indent  chromium  steel,  and  15  per  cent,  tung- 
sten content  makes  the  alloy  too  hard  to  machine. 

From  the  table  and  graphic  representations  of  the 
mechanical  tests  made  with  tungsten  steel  alloys 
given  in  Figs.  122  to  125,  it  will  be  noted  that 
the  tensile  strength  does  not  increase  much  up  to 
1*5  per  cent,  of  tungsten,  but  above  this  there  is  a 
considerable  rise,  caused  partly  by  the  self-hardening 
action,  the  carbon  also  being  comparatively  high.  On 
annealing  test  bars  the  tenacity  is  comparatively  low, 
and  even  high  tungsten  content  does  not  confer  great 
tenacity.  From  the  elastic  limit  results  it  will  be  seen 
that  tungsten  steel  differs  considerably  from  manganese 
and  nickel  steels,  in  that  it  does  not  materially  raise  this 
limit  much  above  that  of  the  same  carbon  content  contain- 
ing no  tungsten.  The  annealing  of  tungsten  steel  con- 
siderably increases  both  the  elongation  and  contraction, 
although  3*5  per  cent,  of  tungsten  gives  the  remarkable 
figure  of  34  per  cent,  elongation  and  53  per  cent,  reduction 
of  area  on  fracture.  In  the  higher  percentages  the  duc- 
tility falls  off  rapidly. 

The    forging   of   tungsten   steels   presents   some   little 
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Fig.  122.— Tungsten— Tensile  Strength. 
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Fig.  123.— Tungsten— Elastic  Limit. 
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Fig.  124.— Tungsten— Elongation. 
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Unannealed. 

Annealed. 

Per  cent. 

Tons  per  sq.  ijiJ       Per  c 

C. 

Tons  per  sq.  in. 

Per 
2. 

cent. 

C. 

w. 

T.S. 

E.  L.  \ 
20 

2. 

T.S, 
22 

E.L. 
14 

C. 

•13 

•1 

25 

35 

60 

43 

65 

•15 

•2 

27 

22    '    40 

60 

22 

16 

46 

66 

•15 

•4 

31 

24 

33 

59 

25 

18 

39 

60 

•21 

•81 

32 

29 

35 

63 

26 

18 

37 

53 

•22 

1-2 

32 

25 

25 

49 

27 

17 

37 

54 

•21 

1-5 

34 

20    1    26        46 

28 

19 

37 

54 

•28 

3-4 

41 

31         29        51 

34 

23 

34 

53 

•38 

7-47 

63 

37         18         24 

40 

24 

26 

38 

•46 

8-33 

i    64 

45 

2 

2 

42 

25 

23 

32 

•63 

10-56 

80 

55 

5 

4 

48 

28 

10 

10 

•76 

1565 

Too  hard 

to  ^Machine 

57 

27 

3 

2 

Fig.  125. — Table  of  Mechanical  Tests  made  with  Tungsten  Steels. 


difficulty^  and,  although  malleable  when  hot,  it  is  not 
nearly  so  malleable  as  ordinary  carbon  steel.  With  the 
percentage  of  tungsten  below  1'5  per  cent.,  it  does  not  seem 
to  have  much  effect  on  the  welding  properties  when  the 
sulphur  is  low  and  manganese  fairly  high,  yet  when 
the  reverse  of  this  is  the  case,  or  when  the  tungsten 
exceeds  2  per  cent.,  the  welding  power  disappears  com- 
pletely. 

Bending  tests  conducted  on  bars  of  tungsten  steel  show 
that,  as  cast,  the  increase  of  the  percentage  of  tungsten 
gradually  diminishes  the  toughness,  especially  after  3"5 
per  cent,  of  tungsten  is  reached,  this  point  being  compar- 
able with  Ij  per  cent,  of  tungsten  if  the  bars  are  annealed 
at  about  900°  C.  and  then  water  quenched,  when  a  dis- 
tinct hardening  is  noticeable.  Unlike  either  the  man- 
ganese or  nickel  steels,  which,  although  brittle  during 
the  range  of  from  3  to  7  per  cent,  for  manganese  and 
from  10  to  15  per  cent,  for  nickel,  become  tough  with 
higher  percentages,  tungsten  steels  do  not  show  this 
peculiar  return  of  toughness,  since  the  angle  through 
which  the  bars  bend  decreases  with  the  increase  of  tung- 
sten. 

On  fracture,  the  tungsten  steels  show  very  marked 
peculiarity.  First  a  very  fine  crystalline  structure  com- 
mences with  1'5  per  cent,  of  tungsten,  and  up  to  7  per  cent. 
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the  grain  is  extremely  close,  but  not  silky.  This  charac- 
teristic appearance  of  silkiness  only  appears  when  the 
carbon  content  exceeds  Ij  per  cent.,  and  is  seemingly, 
therefore,  due  to  the  presence  of  a  carbide  of  tungsten  in 
association  with  the  carbide  of  iron. 

Tungsten  steels  with  a  high  carbon  content  are  very 
retentive  of  magnetism,  and  an  alloy  with  5  per  cent, 
tungsten,  with  "62  per  cent,  carbon  and  '55  per  cent, 
manganese,  is  found  very  suitable  for  the  manufacture  of 
permanent  magnets  in  electric  meters.  The  highest  mag- 
netic power  attainable  with  the  greatest  retentiveness  is 
reached  when  the  tungsten  content  is  varied  between  4  and 
7  per  cent.  Low  carbon  steels  with  tungsten  do  not  show 
this  magnetic  retentiveness. 

From  tests  made  with  the  heat  treatment  of  tungsten 
steels,  it  appears  that  if  the  temperature  is  not  raised 
above  800°  C.  the  cooling  curves  are  quite  normal,  but 
on  cooling  from  above  1,050°  C.  the  Ar^  is  lowered,  and 
when  from  above  1,300°  C.  both  Ar,  and  Arj  are 
lowered.  With  high  carbon  content  and  increasing  tung- 
sten percentages,  the  Ar^  point  seems  to  divide  into  two 
portions. 

The  special  use  of  tungsten  is  for  the  production  of 
self -hardening  steels,  that  is,  those  which  can  be  made 
hard  enough  to  retain  a  cutting  edge  by  heat  treatment 
alone,  without  water  quenching.  Such  steels,  if  plunged 
when  red  hot  into  water,  simply  crack  or  split.  They 
usually  contain  from  5  to  8  per  cent,  of  tungsten,  with 
from  1*5  to  25  per  cent,  of  carbon.  The  following  are 
some  typical  analyses  of  special  tungsten  steels  : — 

AncUysU  per  cent. 

Name.  Carbon.         Tungsten.     Manganese.       Sili4:on.  Chromium. 

MuBhet  (Osborn)   ..     1*65  6-8  2  12  1-36  '46 

Allevard      -42  6-22  -29  -06  — 

Mushet  (ordinary)...     2  0  7-81  -19  -09  — 

Mushet  (special)    ...     2  3  822  172  1-60  — 

The  first-mentioned  steel  is  peculiar,  in  that  it  can 
be  successfully  softened  for  machining  by  heating  to  the 
temperature  of  incipient  redness  (say  about  500°  C.)  and 
quenching  in  water. 

The  second-named  Rteel,  of  French  manufacture,  can. 


ALLOY   STEELS.  237 

by  quenching  in  water  at  600°  C,  be  rendered  (a)  very 
hard;  (6)  of  only  medium  hardness;  or  (c)  quite  soft, 
according  as  the  temperature  of  the  preliminary  heating 
is  raised  to  (a)  1,300°  C. ;  (b)  1,000°  C. ;  or  (c)  850°  C. 
respectively. 

The  Taylor  and  White  special  "  quick-speed  ''  cutting 
steels,  with  tungsten  and  molybdenum  or  chromium,  have 
already  been  mentioned.  These  combinations  confer  upon 
the  tools  made  from  the  alloys,  a  temper  which  cannot 
readily  be  destroyed  even  when  the  rate  of  cutting  makes 
the  working  face  of  the  tool  approach  a  low  red  heat. 

Vanadiuin  Steel. — Vanadium  is  alloyed  with  steel  by 
the  introduction  of  an  electrically  prepared  ferro-com- 
pound,  which  may  contain  up  to  50  per  cent,  of  vanadium 
and  about  1  per  cent,  of  carbon.  The  sulphur  in  this  alloy 
must  be  low  (say  below  '01  per  cent.),  otherwise  the  vana- 
dium will  only  with  difficulty  be  induced  to  enter  the 
steel  in  the  furnace. 

Early  experiments  with  vanadium  alloys  made  a  great 
impression,  forecasting  a  valuable  future  for  vanadium 
in  the  metallurgy  of  steel,  the  action  of  this  comparatively 
rare  element  apparently  resembling  tungsten,  but  being 
nearly  thirty  times  more  powerful.  Without  the  usual 
lowering  of  the  elongation,  the  increase  of  tensile  strength 
and  elastic  limit  was  very  marked.  Recent  investigations 
indicate  a  classification  of  vanadium  steels  into  three 
series,  depending  on  the  variation  of  the  results  of 
mechanical  tests,  as  follows  : — 

First  Series,  in  which  the  vanadium  content  increases 
up  to  1  per  cent.  These  steels  show  augmentation  of 
tensile  strength  and  elastic  limit  the  greater  the  percent- 
age of  vanadium,  with  high  elongation  and  contraction 
in  comparison  with  ordinary  steels  of  the  same  carbon 
content.  The  alloy  steels  are  no  more  brittle  than  the 
ordinary  steels,  but  they  are  possessed  of  greater  hardness. 
Such  alloy  steels  are  influenced  by  quenching  in  propor- 
tion as  the  vanadium  content  rises,  and  they  retain  their 
high  percentage  of  contraction. 

Second  Series,  with  the  percentage  of  vanadium  from 
1  to  3  per  cent.  This  group  possesses  a  tensile  strength 
and  elastic  limit  which  diminishes  as  the  vanadium  in- 
creases,  the  elongation  and  contraction  both  remaining 
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high.  These  alloys  are  not  more  brittle  than  ordinary 
steels,  but  not  so  hard  as  the  steels  of  the  first  series. 
Quenching  affects  the  steels  of  this  series  less  and  less  as 
the  vanadium  percentage  increases. 

Third  Series  has  a  vanadium  content  exceeding  3  per 
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Fig.  126. — Table  of  Mechanical  Tests  made  with  Vanadium  Steels. 


cent.,  in  which  the  whole  of  the  carbon  is  present  as 
a  double  carbide  of  iron  and  vanadium.  They  have 
a  very  low  tensile  strength  and  elastic  limit,  which  are 
both  practically  constant  with  increasing  percentage  of 
vanadium.  The  elongation  and  contraction  continue 
high,  but  the  steels  are  brittle.  They  do  not  show  much 
hardness,  and  the  fractures  show  them  to  be  extremely 
heterogeneous,  frequently  with  large  crystal  grains  near 
the  edges.     Quenching  produces  no  change,  either  on  the 
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Fig.  127. — Graph  of  Vanadium  Steel  Properties — Teneile  Strength. 


mechanical  properties  or  microstructuro  of  this  group  of 
vanadium  steels.  The  following  tables  contain  the  effects 
of  change  of  vanadium  content  on  the  microstructure  and 
mechanical  tests  (Figs.   126,   127,   128,   129,   and  130). 
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Fig.  128.— Graph  of  Vanadium  Steel  Properties — Elastic  Limit 
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All  vanadium  steels  become  softened  on  annealing, 
although  this  influence  is  not  very  pronounced  in  normal 
steels.  If  the  heating  were  prolonged  sufficiently  to  pro- 
duce the  separation '  of  the  carbon  as  graphite,  then  the 
steels  would  evince  extreme  brittleness.  Vanadium  steels 
are  peculiarly  sensitive  to  the  influence  of  work,  subse- 
quent to  which  it  is  absolutely  necessary  to  anneal  them 
by  heating  to  900°  C.  and  gradually  recooling  (See  the 
graph,   Fig.   127.) 

The  only  vanadium  steels  of  commercial  importance  are 
those  containing  less  than  '7  per  cent,  of  vanadium,  for 
which  class  a  good  industrial  future  is  assured  if  satis- 
factory ferro-vanadium  can  be  produced  cheaply  enough. 
Since  the  most  valuable  vanadium  steels  only  contain  from 
'2  to  '5  per  cent,  of  this  element,  the  cost  should  not  be 
prohibitive,  and  these  steels  should  prove  invaluable  in 
cases  where  hig'h  resistance  to  shock,  coupled  with  great 
resistance  to  alternating  stress,  is  required. 

The  bulk  of  the  vanadium  open-hearth  steel  now  pro- 
duced is  absorbed  by  the  automobile  industry,  where  the 
demand  is  rapidly  increasing,  but  wider  fields  of  useful- 
ness are  open  to  vanadium  steels,  since  it  not  only  welds 
excellently,  and  is  practically  self-lubricating  in  bearings, 
but  also  exhibits  an  extraordinarily  high  resistance  to 
torsion.  Thus  a  |-in.  circular  test  bar  has  been  known  to 
withstand  a  torsional  shearing  strain  of  40  tons  per  sq.  in., 
the  final  twist  angle  being  nearly  four  complete  turns 
(approximately  1,400  degrees). 

The  quaternary  vanadium  steels  are  very  complex,  and 
only  interesting  from  the  fact  that  the  tensile  strength 
and  elastic  limit  (as  in  the  case  of  vanadium  manganese 
and  vadium  nickel  steels)  are  raised,  more  especially  in 
the  pearl  itic  steels,    i 

Aluminium  Steel. — Aluminium  is  always  added  to  the 
steel  produced  in  "  wild  heats  ''  to  save  it  from  boiling 
out  of  the  moulds.  Only  a  very  small  quantity  is  needed, 
and  practically  none  of  it  is  left  in  the  ingot  unless  a 
considerable  quantity  of  metallic  aluminium  is  added 
during  the  teeming.  Two  ounces  of  aluminium  added  to 
each  ton  of  steel  in  the  ladle  produces  increased  fluidity, 
possibly  due  to  the  removal  of  the  oxygen  from  dissolved 
FcaO^,  but  it  is  certainly  not  due  to  such  addition  lower- 
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ing  the  melting  point.  When  the  percentage  of  aluminium 
present  exceeds  '5  per  cent.,  the  metal  becomes  "  creamy  '' 
in  pouring  and  sets  quickly  but  soundly. 

The  addition  of  aluminium  does  not  much  afEect  the 
hardness  of  steel,  and  water  quenching  seems  to  produce 
no  effect  in  the  absence  of  carbon.  In  presence  of  carbon, 
however,  aluminium  does  not  retard  the  hardening  effect 
of    quenching.       Aluminium   renders   cast   steel   coarsely 
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Fig.  131. — Table  of  Mechanical  Tests  made  with  Aluminium  Steels. 


crystalline,  and,  on  exceeding  5  per  cent.,  produces 
cleavage  faces  like  spiegeleisen,  yet  up  to  5  per  cent,  of 
aluminium  added  to  spiegel  reduces  the  size  of  the 
carbon  plates  on  fracture  to  a  grade  similar  to  a  No.  3 
pig  iron. 

The  toughness  of  steel  is  perceptibly  diminished  as  the 
aluminium  percentage  exceeds  '85  per  cent.,  although 
annealed  bars  with  up  to  2  per  cent,  of  aluminium  can  be 
bent  double  in  the  cold.  The  malleability  of  the  steel 
practically  vanishes  as  the  aluminium  rises  above  6  per 
cent.,  and  the  welding  of  steels  comparatively  low  in  alu- 
minium is  effected  only  with  difficulty.  (Figs.  131  and 
132.) 

From  the  above  table  of  mechanical  tests  it  will  be 
noted   that,    whilst   the   elastic   limit   rises   slightly   with 
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increased  percentages  of  aluminium,  the  tensile  strength 
varies  considerably,  but  increases  appreciably  with  5  per 
cent,  of  aluminium  present.  The  improvement  shows  11 
tons  per  sq.  in.  on  annealed  as  compared  with  about 
9  tons  on  unannealed  bars.     At  the  same  time,  the  elonga- 


Fig.  132.- 
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-Graphs  of  Aluminium  Steel  Properties. 


tion  and  reduction  of  area  fall  off  very  rapidly  with 
5  per  cent,  aluminium,  this  effect  being  augmented  as  the 
carbon  content  increases. 

As  the  percentage  of  aluminium  increases  from  5  to 
10  per  cent.,  the  specific  gravity  of  the  alloy  steel  falls  most 
remarkably,  viz.  from  7'5  to  6'6;  and  whilst  an  ingot  of 
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steel  with  5  per  cent,  aluminium  present  is  inclined  to 
bo  rather  "  shelly  "  in  forging,  when  10  per  cent,  content 
is  reached  forging  is  quite  impossible. 

Aluminium,  in  producing  but  little  stiffening  effect 
on  steel,  acts  in  general  very  similarly  to  silicon,  only  less 
powerfully;  for  example,  the  increase  in  tensile  strength 
and  elastic  limit  is  not  so  great.  The  main  use  of  alu- 
minium lies  in  producing  soundness,  more  especially  in 
very  mild  steels,  where  silicon  is  not  so  serviceable.  Man- 
ganese and  silicon  together  seeni  to  have  much  the  same 
effect  as  aluminium  in  some  respects,  and,  these  elements 
being  chiefly  combined  in  spiegeleisen,  aluminium  is  not 
likely  to  be  used  very  extensively. 

Silioon  Steel. — Silicon  steel  can  be  made  either  by 
adding  silicon  iron  to  the  metal  in  the  furnace  or  ferro- 
silicon  to  the  ladle  before  tapping,  but  for  high  silicon 
content  it  is  necessary  to  add  it  to  the  steel  melted  in 
crucibles.  On  casting,  the  fluidity  is  noticeably  less  than 
ordinary  steel,  and,  although  it  casts  well  and  free  from 
pipes  or  honeycombs,  this  soundness  is  acquired  at  the 
expense  of  toughness  or  ductility  and  great  shrinkage  in 
the  moulds. 

The  fracture,  with  low  silicon  content,  is  quite  silky 
until  above  2*5  per  cent,  is  present,  when  the  crystal  grains 
become  enlarged  and  glazed,  like  spiegeleisen.  With  in- 
creased silicon  the  metal  is  exceedingly  brittle,  resembles 
silicon  pig  iron  in  fracture,  and  is  quite  unmalleable  with 
over  6  per  cent,  of  silicon  in  a  low  carbon  steel.  The 
malleability  is  not  much  impaired  with  less  than  6  per 
cent,  of  silicon,  unless  the  carbon  content  is  increased. 

The  tensile  strength  and  elastic  limit  both  increase, 
without  loss  of  ductility,  with  silicon  additions  up  to 
1^  per  cent.,  but  after  that,  further  raising  of  the  strength 
by  increasing  the  silicon  is  only  obtained  with  serious  loss 
of  ductility,  as  shown  by  the  table  of  mechanical  tests. 
(Fig.  133.) 

Water  quenching  produces  no  hardening  whatever  on 
steels  with  up  to  2  per  cent,  of  silicon,  even  if  plunged 
at  welding  heat  (1550°  C.)  into  ice-cold  water.  With 
higher  percentages  the  quenching  only  stiffens  the  metal 
without  diminishing  the  brittleness  or  increasing  the  hard- 
ness.    Under   compression,    a  sample   containing  2*7   per 
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cent,  of  silicon  crushed  up  38  per  cent,  of  its  length 
under  a  load  of  100  tons  per  sq.  in.,  a  figure  not  ex- 
ceeded even  by  a  mild  steel  of  '2  per  cent,  carbon  con- 
tent, so  that  silicon  is  not  nearly  so  powerful  a  hardener 
of  steel  as  carbon. 

Silicon  steels  are  now  largely  used  in  motor  car  con- 
struction, the  alloy  most  frequently  employed  containing 
from  *8  to  "9  per  cent,  of  silicon,  with  about  '7  per  cent. 
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Fig.  133.— Table  of  Mechanical  Tests  made  ^jrith  Silicon  Steels. 

of  carbon  and  4  per  cent,  manganese.  These  have  to  be 
very  carefully  heat-treated,  in  order  to  obtain  the  proper 
mechanical  properties.  Tests  made  with  this  steel  give, 
on  varying  treatment,  the  following  results  : — 


Tons  per  sq,  in. 

Per  cent. 

TS                  EL 

E 

Annealed  at  900^' C 48  to  54        29  to  32 

14  to  18 

Quenched  at  900®  C 95                 95 

Oto    2 

Quenched  and  reheated  to  600®  G. ...     85  to  95        63  to  67 

6  to  12 

The  weak  point  in  silicon  steels  is  their  extreme  brittle- 
ness  at  right  angles  to  the  plane  of  rolling.  The  surface 
hardness  of  gear  wheels  can,  by  suitable  treatment,  be 
made  very  great,  thereby  preventing  the  metal  from 
spreading,  but  the  principal  use  of  silicon  steel  at  present 
is  for  the  manufacture  of  springs  in  motor  cars. 
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Steels  of  Less  Importanee. — Cobalt  steel  is  easily  made 
by  the  addition  of  metallic  cobalt  to  steel,  but  even  up  to 
30  per  cent,  of  cobalt  produces  very  little  influence  on  the 
mechanical  tests.  The  only  change  is  a  slight  increase  in 
the  tensile  strength,  but  not  sufficient  to  make  any  of  the 
cobalt  steels  of  industrial  importance.  They  all  belong 
to  the  pearlitic  series,  at  least  with  up  to  30  per  cent,  of 
cobalt  and  not  more  than  '8  per  cent,  of  carbon. 

Tin  steel  is  made  by  the  solution  of  the  metal  in 
ordinary  steel.  Up  to  5  per  cent,  readily  dissolves  to 
form  a  stannide  of  iron,  and  the  carbide,  with  up  to 
10  per  cent,  of  tin  present,  always  remains  pearlitic. 
Steel  with  1'5  per  cent,  of  tin  is  very  difficult  to  forge, 
and  more  than  2  per  cent,  makes  it  unworkable.  '  This 
steel  is  excessively  brittle,  crumbling  to  powder  on  drop- 
ping a  few  feet  on  to  a  hard  floor.  Although  5  per  cent, 
of  tin  makes  steel  very  hard,  there  is  practically  no  use 
for  any  member  of  this  set  of  alloy  steels. 

Titanium  is  very  difficult  to  introduce  into  steel,  the 
only  way  being  by  the  use  of  an  electrically-prepared 
ferro-titanium  alloy.  It  is  not  that  its  solution  in  the 
steel  is  difficult  to  accomplish,  but  that  great  care  has  to 
be  taken  to  prevent  the  oxidation,  not  only  of  part,  but 
sometimes  even  of  the  whole  of  the  titanium  present.  In 
fact,  many  steels  sold  under  the  nafne  of  titanium  steels 
are  completely  devoid  of  that  element. 

More  than  10  per  cent,  of  titanium  is  almost  impossible 
to  get  into  combination  with  steel,  on  account  of  the 
furnace  temperatures  available  not  being  sufficient  to  fuse 
higher  alloys.  Tests  made  with  specimens  prepared  did 
show  a  certain  degree  of  improvement  in  the  strength  and 
hardness,  but  disappointingly  small  in  comparison  with 
ordinary  steels  of  similar  carbon  content.  The  low  re- 
sistance to  shock  obtained  also  showed  these  steels  to  be 
almost  totally  devoid  of  industrial  importance. 

Commercially,  the  only  possibility  of  the  use  of 
titanium  is  the  extreme  readiness  with  which  it  absorbs 
oxygen,  so  that  as  a  purifying  agent  it  might  replace 
silicon  or  aluminium. 

Fig.  134  is  a  comparative  table  of  the  mechanical  tests 
made  with  varying  content  alloy  steels,  which  is  only 
approximate  on  account  of  fractions  being  neglected. 
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■^^ 

Analyns,   |           Unanneahsd. 

• 

Annealed. 

Alloy  steel  &>nlaining 

Per  cent. 

Tons  per   |    p^,.  ^^,^^ 
sq.  m. 

Tons  per 
8q.  in. 

Per  cent. 

Alloy. 
•27 

c. 

r.s. 

E.L. 
19 

2. 

35 

C. 
36 

V.  S. 
28 

E.L. 
20 

2,       C, 

Nickel    .... 

•19 

31 

37  ;  52 

Chromium  . 

•29 

•16 

28 

21 

42 

67 

25 

17 

46 

66 

Timesten     . 

•20 

•15 

27 

22 

40 

60 

22 

16     46 

66 

Vanadium  . 

•29 

•11 

28 

19 

24 

63 

26 

18  1  22 

58 

Aluminium 

•38 

•15 

30 

23 

33 

58 

26 

20 

40 

60 

Silicon   . 

•24 

•14 

33 

22 

30 

54 

25 

15 

37 

61 

Nickel    . 

•95 

•13 

33 

25 

31 

53 

27 

20 

41 

63 

Chromium  . 

•84 

•12 

31 

22 

40 

62 

28 

19 

43  i  61 

Tungsten     . 

•81 

•21 

32 

29 

35 

63 

26 

18 

37  ,  53 

Vanadium  . 

'.  ;    75 

•14 

37 

27 

16 

58 

33 

26 

13 

53 

Aluminium 

•66 

•18 

29 

20 

33 

50 

27 

18 

33 

52 

Silicon   . 

• 

•73  '   18 

1 

34 

25 

29 

54 

29 

Id     34 

52 

Nickel    ,     . 

1-92 

•14 

34 

26 

33 

55 

31 

22 

36 

53 

Chromium  . 

1-51 

•21 

38 

24 

37 

64 

33 

19 

38     56 

Tungsten     . 

1-49 

•21 

34 

20 

26 

46 

28 

19 

37     54 

Vanadium  . 

1-54 

•13 

36 

28 

19 

73 

35 

28 

16     63 

Aluminium 

1-60 

•21 

31     20 

33 

52 

26 

13  ;  36     67 

Silicon   . 

1-60 

•19 

37 

28 

31 

50 

33 

25 

35 

54 

Nickel    .      . 

3-82 

•19 

37 

28 

30 

54 

33 

25 

35 

55 

Chromium  . 

2-54 

•39 

54 

29 

27 

52 

44 

24 

25 

34 

Tungsten     . 

3-40 

•28 

41 

31 

29 

51 

34 

23 

34 

53 

Vanadium   . 

'.   1  2-98 

•19 

30 

17 

26 

74 

28 

17 

15 

60 

Aluminium 

.     2-24 

•24 

32 

.21 

20 

24 

28 

18 

33 

48 

Silicon   . 

2-18 

•20 

39. 

31 

18 

28 

34 

25 

36 

60 

Nickel    . 

5-81 

•18 

41     28 

27 

40 

37 

28 

33 

51 

Chromium  * 

519 

•77 

74 

40 

13 

20 

56 

20 

8 

7 

Tungsten     . 

7-47 

•38 

63 

37 

18 

24 

40 

24 

26 

38 

Vanadium  . 

5-37 

•38 

29 

16 

17 

61 

27 

15 

13 

58 

Aluminium 

6-60 

•22 

38: 

4 

4 

36 

27 

6 

6 

Silicon   . 

550 

•26 

48     §« 

0-3 

0-7 

25 

25  1  04  1  0-5 

•                 1 

♦  Carbon  content  too  highl  to  make  true  comparison. 

Fig.  134. — Table  of  Comparative  Ikiechanioal  Tests  made  with  Various 

Alloy  pteels. 


INDEX. 


AUevard  Tanffsten  Steel.  236.  237 
Allotriomorphic  Orystals.  171,  175 
AUotropic  Theory   of   Steel.   192- 

194 
Alloy.  Quaternary.  232.  233 

Steels.  10.  217-247 

Aluminiam.   240-244 
Ohromiiim.  229-232 
Cobalt.,  246 
Maneranese.  219-224 

>  .  Mechanical  Tests  made 

with.  247 

Molybdenum.   232.   233 
Nickel.  224-229 
Silicon.  244.  245 
Tin.  246 
Titanium.  246 
Tungrsten.  233-237 
Vanadium,  237-240 

Alpha  Iron.  192 

Aluminium  Steels.  240-244 

.  Mechanical  Tests  made 

with.  242 

Annealed   Steel,  Arnold  on  Ten- 
sile Strengrth  of.  15.  16 
Annealing,   188 

Tunersten  Steel.  233 

Armour  Plate.  Slab  Bolls  for.  165 
Arnold  on    Magnetic   Properties 

of  Iron.  18 

Subcarbide  Theory,   194 

Tensile  Strengrth  of  An- 
nealed Steel,  15,  16 
Arnold's  Theory  of  Oementation 

Process,  130,  131 
Arsenic  in  Steel,  20.  21 
Austenite.  182 

.Howe  on,  177,  182 

Axles,  Specification  for,  203 
Axle  Hammer,  153 
Bar-bottom  Producer,  67 
Bars.  Splice,  Specification  for,  203 
Basic  Bessemer  Converter,  43,  44 

,  Lining,  44.  45 

Process,  43-51 

,  Blow   for,  46,  47 

— ,  Chemistry    of,    47, 


48 


Heat     Source     in 


Blow.  49,  50 

,  Pig  Iron  for,  50 

,  Plant  for,  43-46 

.  Principle  of.  43 


Basic  Bessemer   Oonverter,   Slag 

in.  51 
.  Thomas    and     Gil- 
christ on.  44  . 

Open-hearth  Process,  91-96 

,  Chemistry  of.  93,  94 

^ .  Furnace  for.  91.  92 

,  Materials  for,  94 

.  Pig  Iron  for,  94 

.  Products  of.  94.  95 

.  Saniter     on      Sul- 
phur Removal  in.  95.  96 

,  Slag  from.  95 

.  Steel  from,  94,  95 

-.  Sulphur      Bemoval 


in.  95 


-.  Working       Charge 

in.  92.  93 
Batho's     Open-hearth     Furnace, 

101 
Beardmore's  Forging  Press.   169 
Bending  Tests  for  Steel.  200 
Bertrand-Thiel  Open-hearth  Pro- 

cess^  107.  108 

.  Harbord  on.  108 

,    Boiling   Furnaces 

for.  107 
Bessemer  Blowing  Engines,  31 

Charge,  Analyses  of,  34,  35 

Converter,  25,  30 

.  DurabiUty  of.  41 

.  Ganister  for  Lining.  27 

.  Lining.  26,  27 

Crane.  30 

Ladle.  Ill 

Plant,  Modifications  of.  29 

Process.  23-42 

in  America.  29 

.Basic    (see    Basic    Bes- 


semer Process) 
-,  Casperon's 


Converter 


Ladle  for.  53,  54 

,  Chemistry  of.  33-35 

Combined     with    Open- 
hearth  Process,  105 

,  Cranes  for.  116 

.  Gases  from.  40.  41 

.  Hatton's  Converter  for. 


57 


-.History  of,  58 

-,  Iron  Supply  in,  28.  30 

-.Ladle  for.  111 

-,  Modifications    of.   52-58 


INDEX. 


249 


BeBsemer  Process,  Hushet  on  Use 

of  Manganese  in.  25,  58 

,  Orisrinal,  62.  53 

,  Plfir-lron  for,  37 

: Analysis,  34,  35 

,  Plant  for,  24-33 

,  Principle  of,  23 

:  Products,  40 

,   Side-blown    Converters 

for,  55-58 

,  Slasr  from,  40 

,  Snelns    on    Phosphoric 

Iron  in,  58 

,  Sources  of  Heat  in,  35 

,  Spectroscope        applied 

to.  41.  42 

,  Steel  from,  40 

,  Swedish,    53-55 

,  Thomas    and    Qilchrist 

on,  58 
,  Working  Charge  in,  32, 

33 


Tilting  Gear,  25 

Tuyeres,  25,  26 

Beta  Iron,  192 

Billet  Shears,  163,  164 

Blister  Steel  Fractures,  125 

Blisters  in  Cementation  Process, 

128 
Blooming  Mill.  161 
Blower  for  Producer,  66,  67 
Blow-hole  Prevention,  151-155 
,  Application  of  Pressure 

for,  153,  154 
,  Chemical    Methods     of, 

154,  155 

,  lUin^worth  and,  151 

-,  Physical     Methods     of. 


151 


-,  Bobinson  and  Rodger's 


Process  of,  151 

,  Whitworth  on,  151 

Blow-holes,  147,  150 

Blowing    Engines    for    Bessemer 

Process,  31 
Boiler    I'late,    Specification    for, 

202 
Boring  Gases.  150,  151 
Boynton    and    Siemens   on   Steel 

Cooling,  198 
Brine-quenched  Steel,  Carbon,  182 
Brittleness  of  Steel,   Stead's   Ex- 
periment for,  201 

,  Testing  for,  201 

Building  Steel,  Specification  for, 

202,  203 
Burnt  Steel,  197 
By-product  Recovery  in  Siemens 

Process,  70 

Calorific  Power  Defined,  60 

of  Iron,  36 
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Microstructure  of  Iron.  182-165 
Mild  Steel,  Cooling  of,  189-192 

-,  Hot  Tests  for.  200.  201 
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,  Harbord  on,  20 
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Producer,  Bar-bottom,  67 

.  Blower  for,  66,  67 

,  Closed  Hearth.  65,  66 

,  Dawson  and  Duff's,  69 
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88 

Begenerative  Chambers  of  Sie- 
mens Furnace,  78,  79 

Begenerators  for  Open-hearth 
Furnaces,  101 

Bivet  Steel.  Specification  for,  202 

Bobinson  a  Bodger's  Process  of 
Blow-hole  Prevention.  151 

"  Boilers.  Live,"  for  Mill.  161 

Boiling  Furnaces  for  Bertranel- 
Thiel  Process,  107 

Open-hearth  Pro- 
cess. 104- 

Plate  or  Sheet  Steel.  165 

Steel,  163 


Bolls  of  Cogging  Mill,  159, 160 

,  Plate,  66 

, and  Sheet,  164,  165 

,  Slab,  for  Armonr  Plate,  165 

Saniter  on  Sulphur  Bemoval  in 

Basic    Open-hearth    Process, 

95,  96 
Saturated    or    Eutectoid    Steels, 

181 

Steel,  175 

,  Hypo,       CSiaracteristica 

of,  180 
Schelling's   Analysis  of    Puddled 

Steel,  135 
Segregation  of  Steel.  155,  156 

,  Campbell  on,  155 

,  Talbot  on,  156 

Self-hardening,  222 
••  Shear,  Plying,"  164 

Steel,  Hammering,  129,  130 

Shears,  BiUet,  163,  164 

,  Plate,  166.  167 

Sheets  Defined,  168 
Ship  Plates,  Testing,  201 
Side-blown    Converters    for    Bes- 
semer Process,  55-58 
Siemens   and   Boynton   on   Steel 

Cooling,  198 
Furnace,     Arrangement     of, 

80-82 

Body,  76,  77 

,  Charging,  97 

,  Making     New     Bottom 

for,  89 

■ ,  New  Form  of,  83 

,  Principle  of,  74-76 

.  Begenerative   Chambers 

of,  78,  79 

Valves,  79,  80 

"  Water  Bath,"  82 

Gas  Producer,  65 

Process.  59-67,  84-90 

,  Advantages  of,  109,  110 

,  Batho,  101 

,  Bertranel-Thiel,  107,  108 

, ,  Harbord  on,  108 

, ,  Boiling      Furnaces 

for,  107 
:  By-product      Becovery, 

70 


-.  Campanil  Ore  for,  88 
-.  Charging,  Liquid  Metal 


for,  97,  98 


Machines  for,  98-101 
-,  Chemistrv  of.  86 
Combined  wltn  Bessemer 


Process.  105 

:  Darby    Process    Becar- 

burisation.  108 

.  FilUng,  101,  102 

,  Fuel  required  for,  70 

,  Gas  Plant  in,  69,  70 

,  Hilton's,  101 

,  Jones     and      LaughUn 

and,  106 

,  Ladle  for.  111 

,  Liquid  Metal  for  Charg- 
ing, 97,  98 
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Biomens   Process,   Materials   for, 
87,  88 

,  ModiOcations  of,  97-110 

— ,Mond  Gas  Produced  in, 

70. 

,MoDeli,  105 

,  Ore  for,  88 

,  Output  of.  89,  90 

,  Pig-iron  for,  87 

,  Principle  of,  84 

,  Producers  for  (see  Pro- 
ducers) 

,  Products  of,  88,  89 

,  Becarburiser  for,  88 

Beeenerators,  101 

,  Boiling  Furnaces  for,  104 

,  Slag  from,  88,  89 

,  Steel  from,  88 

,  Steel  Output  by,  109,  110 

,  Talbot,  105,  106 

,  Thermal    Beactions    in, 

87 

,  Tilting     Furnaces     for, 

101-104 

,       Wellman       Oharging 

Machine  for,  98-100 

■  Seaver  Charger  for. 


99,  100 


for,  104 


Tilting 


Furnace 
-,   Fore- 


hearth  for,  104 
Siemens-Martin  Process.  90 
Silicon,  184 

,  Calorific  Power  of,  35 

in  Steel.  19 

Steel.  244.  245 

,  Mechanical  Tests  made 

with    245 
"Skulls*'  in  Swedish  Converter, 

53 
Slab  Bolls  for  Armour  Plate.  165 
Slag  in  Basic  Bessemer  Process.  51 
from  Basic  Open-hearth  Pro- 
cess, 95 
Bessemer  Process,  40 

I^adle,  116 

from  Puddled  Steel,  135 

Smith  and  Wincott  Water-bottom 

Producer,  69 
Snelus    on    Phosphoric    Iron    in 

Bessemer  Process.  58 
Soaking  Furnace.  Position  of   121 
.  Vertical.  121 

Pits,  120.  121 

,  Gjers'.    120.   121 

Solid-bottom  Producer.  67.  68 
Solidification.  Changes  after.  174, 

195.  196 

,  Phenomena  of.  149,  150 

Of  Steel,  194,  195 

Sorbite,  181 

Sorbitic  Steel,  197.  198 

.  Stead  on.  198 

Sorby  on   Microscopic   Structure 

of  Steel.  170 

and  Pearlite,  176 

Spiegeleisen,  37 


Spiegeleisen,  Eutectics  in.  173 

Spectroscope  applied  to  Bessemer 
Process.  41.  42 

Splice  Bars,  Specification  for,  203 

Sprinkler,  Harveyising,  131,  132 

Standard  lests,  202 

Stead  on  Carbon  Steels,  196 

Phosphorus  in  Iron,  185 

Sorbitic  Steel.  198 

Stead's  Experiment  for  Brittle- 
ness  in  Steel.  201 

Steam-enriched  Oas.  60-64 

Steel  {for  other  items  see  separate 
headings) 

.  Chemical  Analysis  of,  199 

,  Microscopic    Appearance   of. 

180 

, Constituents  of.  175-180 

, Structure  of,  170-185 

,  Properties  of,  10 

:  Term  Defined.  9 

.  Varieties  of.  18 

Stripper  for  Ingots.  Electric,  116 

Stripping  Ingots,  114-116 

Structural  Steel.  Specification 
for.  203,  212-216 

Structure  of  Steel,  Microscopic, 
170-185 

Styrian  Process.  136 

,  Chemistry  of,  136 

:  Iron  and  Steel  Analy- 
ses, 137 

,  Pig-iron  for,  136 

Sulphur.  184 

Bemoval  in  Basic  Open- 
hearth  Process,  95 

in  Steel.  19 

Swedish  Bessemer  Process,  53-55 

Charcoal  Iron,  175 

Converter.  53 

.  "  Skulls  "  in.  53 

Talbot  Open-hearth  Process,  105, 
106,  109 

on  Segregation  of  Steel.  156 

Taylor  and  White  Cutting  Steel, 
233   237 

Tempering  Steel.  187,  188 

.  Howe  on.  188 

Tenacity  of  Steel,  10 

Steels,  Infiuence  of  Car- 
bon on.  15 

Tensile  Strength  of  Iron,  13.  15 

Steel.  Turner  on.  19 

Ternary  Steels.  217 

Test  Pieces,  204 

Testing  Steel.  11-13.  199-209 

Tests,  Drop,  200 

.Hot,  200.  201 

.Physical.  204 

,  Standard.  202 

for  Steel,  200-204 

Thermal  Beactions  in  Siemens 
Process,  87 

Unit.  British.  60 

Thomas  and  Gilchrist  on  Basic 
Bessemer  Process.  44 

on  Bessemer  Pro- 
cess, 58 
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Three-high  Mill,  161 
Tilters  for  Mill.  162 
Tilting:  Furnaces  for  Open-hearth 

Process,  101-104 

Gear,  162 

Tin  Steel  Alloy,  246 

Titanium,  246 

Tropenas  Process,  Oonyerter  for, 

55,  56 
Trosotite,  182 
Tungsten  Steel,  233-237 

— '■ :  Allevard,  236,  237 

,  Annealing,  233 

Bending  Tests,  235 

,  Forging,  233 

,  Fracture  of,  235 

,  Mechanical  Tests  made 

with,  235 

Mushet,  236 


Turner    on    Tensile    Strength   of 

Steel,  19 
Tuyeres,  Bessemer,  25,  26 
Tyres,  Specification  for,  202 
Xfnits,  Calorific,  60 
,  Thermal,  60 


Valves  for  Siemens  Furnace,  79, 

80 
Vanadium  Steel,  237-240. 

— '—,  Mechanical  Tests  made 

t^ith,  238 

,  Quaternary,  240 

"  Water  Bath "  of  Siemens  Fur- 
nace, 82 
Water-bottom  Producer,  69 

,  Dawson  and  Duff's,  69 

,  Smith  and  Wincott's,  69 

Weardale  Furnaces,  118,  119 
Welding  Capacity  of  Metal,  Test- 
ing, 201 
Wellman  Charger,  120 

Charging  Machin'e,  98-100 

Seaver    Charger    for    Open- 
hearth  Furnace,  99,  100 
Tilting    Furnace    for    Open- 
hearth  Process,  102-104 

,  Forehearth  for,  104 

White  Cast  Iron,  183 
Whitworth  on  Blow-hole  Preven- 
tion, 151 
Wilson  Producer,  67,  68 
Wootz,  132 
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•♦WORK"  HANDBOOKS. 

A  Series  of  Practical  Manuals. 
Edited  by  PAUL  N.   HASLUCK,  Editor  of  "WORK.*' 

Illustrated,    Cloth  la.  net;  or  post  free,  U*  2d,  each. 
Photographic  Studlosand  Dark  Booms.  Con^^n^— Planning  Studios. 

Building'  Studios.  Portable  and  Temporary  Studios.  Studios  Improvised  from 
Greenhouses,  Dwelling  Rooms,  etc.  Lighting  of  Stadios.  Backgrounds.  Scenic 
Accessories.  Dark-rooms.  Portable  Dark-rooms.  Dark-room  Fittings.  Portable 
Dark  Tent.  Index.  i8o  Illustrations. 
Tinplate  Work-  Contents — Tools,  Appliances  and  Materials.  Elementary 
Examples    in  Tinplate  Work.    Hollowing  Tinplate,   Simple   Round  Articles  in  Tin- 

Slate.     Saucepan  Making.     Kettle   Making.    Oil  Cookine  Stove.    Set  of  Workshop 
)il  Cans.    Fancy  Paste  Cutters.    Lamps  ana  Lanterns.    Index.    3io  Illustrations. 
Rustic    Carpentry.      Contents.— lAght    Rustic   Work.      Flower    Stands, 
Vases,  etc.    Tables,  chairs  and  Seats.    Gates  and  Fences.     Rosery  Work.     Porch. 
Swing  Canopy.    Aviary     Footbridges.    Verandahs.    Tool  Houses.    Garden  Shelters, 
etc.    Summer  Houses.    Dovecot.    Index.    172  Illustrations. 

Pumps  and  Bams :  Their  Action  and  Construction.    Contents.— 

Suction  Pumps  and  Lift  Pumps.  Making  Simple  Suction  Pumps.  Pump  Cup 
Leathers.  Pump  Valves.  Ram  or  Plunger  Pumps.  Making  Bucket  and  rlunger 
Pump.  Construction  of  Plumbers*  Force  Pump,  wooden  Pumps.  Small  Pumps  for. 
Special  Purposes.  Centifugal  Pumps.  Air  Lift,  Mammoth,  and  Pulsometer  Pumps 
Hydraulic  Rams.    Index.    171  Illustrations. 

Domestic  Jobbing.  Contents. — Cutlery.  Grinding.  Sharpening  and 
Repairing.  Simple  Soldering  and  Brazing.  China  Riveting  and  Repairing.  Chair 
Caning.    Furniture  ReF>airing.    Glazing  Windows.    Umbrella  Making  and  Repairing. 

Index.    107  Illustrations. 

Window  Blinds.  Contents.— KoWct  Blinds.  Venetian  Blinds.  Outside 
Window  Blinds.  Spanish  Blinds.  Florentine  Blinds.  Oriental  Blinds.  Festoon  Blinds. 
Shop  Front  Blinds.    Wire  Blinds.    Glass  Blinds.    Index. 

Motor  Bicycle  Buildinc.  Con/ew/s.— Frame  for  Motor  Bicycle. 
Pattern  for  Frame  Castings.  Making  s^h-p.  Petrol  Motor.  Spray  Carburettor  for 
3I  h.-p.  Petrol  Motor.  Ignition  Coils  for  Motor  Cycles.  Light  weight  Petrol  Motor 
tor  Attachment  to  Roadster  Bicycle.    Spray  Carburettor,  etc.    Index. 

Photographic  Chemistry.  Con/«n/5.— Relation  of  Chemistry  to 
Photo^rrapny  Meaning  of  Symbols  and  Equations.  Oxygen  and  Hydrogen  Photo- 
graphically Considered.  Chemistry  of  Development,  Toning,  Intensification,  etc. 
Photography.    Benzene  and  the  Organip  Developers.    Index. 

Glass    writing,   Kmbossing,    and    Fascia  Work.   CoHtents,— 

Plain  Lettering  and  Simple  Tablets,  Gold  Lettering.  Blocked  Letters,  Stencil  Cutting, 
Gold  Etching,  Embossmg,  Incised  Fascias,  Arrangement  of  Words  and  Colours, 
Wood  Letters,  Illuminated  Signs,  Temporary  Signs,  etc.    139  Illustrations. 

Violins  and  Other  Stringed  Instruments.   Con/«nto.— Materials 

and  Tools  for  Violin  Making.  Violin  Moulds.  Violin  Making.  Vamishinfj^  and  Fbiishing 
Violins.  Double  Bass  and  a  Violoncello.  Japanese  One-string  Viohn.  Mandoline 
Making.    Guitar  Making.    Banjo  Makhig^etc.  et&    177  Illustrations. 

Pianos :  Their  Construction,  ^Tuning,  and  Bepair.   Contents.- 

The  Action  :  Completion  of  Piano.  The  Choice  of  a  Plana  Care,  Maintenance,  and 
Cleaning.  ^Tuning  Pianos.  Piano-repairers'  Tools.  Repairing  Piano  Actions. 
Repairs.    Polishing  and  Renovating  Piano  Cases,  etc.  etc     74lUustrations. 

Terra-cotta  Work :  Modelling,  Moulding,  and  Firing.  Contenis. 

—History  and  Manufacture  of  Terracotta.  Models  and  Moulds  for  Tem'K;otta  Work. 
Modelling  and  Moulding  Flnials  and  Chimney  Pots.  Panels,  Medallions  and  Friezes. 
Garden  Vzat  and  a  Flower  pot  Stand.  Keystones.  Measuring  and  Pricing  Terra-cotta 
Work.     Ornamental    Fountains.     Umbrella  Stand,    etc.     34s  Illustrations. 

Sewing   Machines  i    Their  Construction,  Adjustment,  and 

RepalTk  Cont€nts.—Th9  Development  of  the  Sewing  Machine.  Types  of  Sewing 
Machines.  Working  and  Adjusting  Machines.  Adjustments  for  Broken  Needles, 
Broken  Thread,  andMissed  Stitches.    Repairing  Sewing  Machines.   99  Illustrations. 

day  Modelling  and  Plaster   Casting.     Cmi/^»/«.— Drawing  for 

Modellers.  Tools  and  Materials  for  Clay  Modelling.  Clay  Modellinpr.  Modelling  the 
Human  Figure.  Waste-moulding  Process.  Piece-moulding  and  Gelatine-moulding. 
Taking  Plaster  Casts  from  Nature.    Clay  Moulding,  etc.  etc.    15^  Illustrations. 

Telescope  Making.  Contents.— luttodMClxovk:  Mateiials  for  Telescope 
Making ;  Making  the  Mounting ;  Making  the  Clasp  and  Clamp  ;  Vertical  and  Horizontal 
Slow  Motions :  Completing  the  Mounting :  Telescope  Body ;  Lenses  for  the  Telescope ; 
Object  End  ot  Telescope ;  Eyepieces,  etc.  etc.    918  Illustrations. 

Microscopes  and  Accessories.  Contents.— ConsirvLcWon  of  a  Stand 
Microscope  ;  Making  and  Fixing  Mechanical  Stages  ;  Finishing  and  Lacquering  Micro- 
scope Brasswork;  Improved  Mounts  ;  Microscopists'  Lamps  and  Bull's-eye  Condensers; 
Micrometers  and  Measurement.    Turntables  for  Ringing  Slides,  etc.    140  Illustrations. 

Knotting  and  Splicing  Bopes  and  Cordage.  Contents.-  Introduc- 
tion: Rope  Formauon.  Simple  and  Useful  Knots.  Eye  Knots.  Hitches,  and  Bends. 
Ring  Knots  and  Rope  Shortenings.    Ties  and  Lashings.    208  Illustrations. 

[Continued  on  next  Page. 
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*■'  ApplUUlOeS.    CMi/r»/«.— Introduction  : 
Temporaxy  Ute.    Tiering  Bar-frame  Beehive.    The 
ad  Stocking  Beehives.    Observatory  Beehive  for  Pj^r- 
I  for  Temporary  Use.  etc.  etc.    155  Illustrations. 
-Introduction.    Tanks,  Vats,  and  other  Ap- 
Slectrical  Accesaories.  Appliances  for  Preparing  and 
Copper-plating.     Gold-platint;.    Nickel-plating   and 
uyae-^dnff     tansmiNr  meccio-platea  Goods,  etc  etc     77  Illustrations. 
Cycle    BQlldlns   and    Bepatrtng.     Contents,— Th^  Components  of  a 
Cycle.    Bttildinf  the  Wheels.   Building  the  Cyde  Frame.  Fhiishing  the  Cycle.  Bidkiing 
a  Tandem  Cycle.    Building  a  Carrier  Tricycle,  etc.  etc.    190  Illustrations. 
Saddlery.    CM/m/«.— Gentleman's  Riding  Saddle.    Panel  for  Gentleman's 
Saddle.     Ladies'  Side  Saddles.     Children's   Saddles  or  Pilches.     Saddle  Cruppers. 
Breast  Plates  and  Other  Accessories.     Ridinf  Bridles.    Bieeldng-down  Tadde.    Head 
Collars.     Horse  Clothing.    Knee-caps  and  ftiiscellaneous  Articles,  etc.  etc     177  Illus. 
UpllOlatery.      CM/«»/f.— Upholsterers'    Materials.      Upholsterers'    Tools. 
Webbing,    Springing,   Stuffing,   and    Tufting.    Making   Seat   Cushions  and   Squabs. 
Upholstering  an  £asy  Chahp.    Upholstering  Couches  and  Sofas.    Upholstering  Foot- 
stools, Fenderettes,  etc.    Miscellaneous  Upholstery,  etc.  etc.    xtis  Illustrations. 
Leather  Working.    C<w/m^j.— Qualities  and  Varieties  of  Leather.    Strap 
Cutting  and  Making  Letter  Cases  and  Writing  Pads.     Hair  Brush  and  Collar  Cases. 
Hat  Cases.  Banjo  and  Mandoline  Cases.  Bags,  Portmanteaus,  etc.  etc.    159  Illustrations. 
Bameee  Maklnje.    C<mi/m/«.— Harness  Makers'  Tools.    Harness  Makers' 
Materials.    Simple  Ezerdses  in  Stitchmg.  Looping.   Cart  Harness.   Cart  Saddles.  Fore 
Gear  and  Leader  Harness.    Plough  Harness,  Bits,  Spurs.  Stirrups,  etc.  et&    197  Illus. 
Honee   Deoeration,     ContenU.—Co\o\a  and    Paints.      Pigments,    Oils, 
Driers,  Varnishes,  etc.    Tools  used  by  Painters.    How  to  Mix  Oil  Pelnts.    Distemper  of 
Tempera  Painting.  Whitewashing  and  Decorating  a  Ceiling.   Painting  a  Room,  etc.  etc. 
79  Illustrations. 
Boot  MaWng  and  Meadlng.    CotUenU.—^eotisinz  Heels  and  Half- 
Soling.    PatcMng  Boots  and  Shoes.   Re-Welting  and  Re-SoQng.   Boot  Making.   Lastii^ 
the  Upper.  Sewmg  and  Stitching.  Making  the  HeeL  Knifing  and  Finishing,  etc.  179  Illus. 

How  to  Write  Slgne.  Tlokets,  and  Posters.     Contents.  —  The 

Formation  of  Letters,  Stops  and  Numerals.  The  Sign-writer's  OutfiL  MaUngSign- 
boards  and  Laying  Ground  Colours.  The  Simpler  Forms  of  Lettering.  Shaded  and  rancy 
Letterin?.    Painting  a  Sismboard.   Ticket-Writing.    Poster-Painting,  etc.,  etc.  170  Illus. 

Wood    Finishing,   Comprising    Staining,    Varnishing    and 

Polialltnfr.  C0»/«n/j.— Processes  of  finishing  Wood.  Processes  of  Staining  Wood. 
French  Polishing.  Fillers  for  Wood  and  iilline  In.  Bodying  In  and  Spiritinjir  Off. 
GLizing  and  Wax  Finishing.  Oil  Polishing  and  Dry  Shining.  RepoUshlng  and  Reviving. 
Hard  Stopping  or  Beaumontage  Treatment  of  Floors,  etc,  etc.  xa  Illustrations. 
Dynamos  and  Kleotrio  Motors.  Con/(;n/s.~ Introduction.  Siemens 
Dynamo.  Gramme  Dvnamo.  Manchester  Dynamo.  Simplex  Dynamo.  Calculating  the 
Si2e  and  Amount  of  Wire  for  Small  I>ynamos.  Ailments  of  Small  Dynamo  Elnrtric 
Machines :  their  Causes  and  Cures.  Small  Electro-Motors  without  Castings,  etc.  147  Illus. 

DeooratlTO  Designs  of  All  Ages  for  All  Purposes.    Contents, 

— bavage  Ornament.  Egyptian  Ornament.  Greek  Ornament.  Roman  Ornament. 
Arabic  Ornament.  Mediaeval  Ornament.  Renascence  and  Modem  Ornaments. 
Chinese,  Persian,  Indian,  and  Japanese  Ornament,  etc.  etc.    977  Illustrations. 

Moontlllg  and  Framing  PiOtnres.  C(M/'#»/«.~Making  Picture 
Frames.  Notes  on  Art  Frames.  Picture  Frame  Cramps.  Making  Oxford  Frames. 
Gilding  ncture  Frames.  Methods  of  Mounting  Pictures.  Making  Photsgraidi  Frames. 
Frames  covered  with  Piush  and  Cork.    Hanging  and  Packing  Pictures.    340  Illustrations. 

Smiths'  Work.  Contents.-~¥otKt&  and  Appliances.  Hand  Tools.  Drawing 
Down  and  Upsetting.  Welding  and  Punching.  Conditions  of  Work :  Principles  of  Form- 
ation.   Bending  and  Ring  Making.    Examines  of  Forged  Work,  etc,  etc.    six  Illus. 

Glass  Worldng  by  Heat  and  Abrasion.  C<m/m/^.— Appliances. 

Blowing    Bulbs  and  IHasks.     Blowing  and  Etching  Glass :  Embossing  ana  Gilding. 
Utilising  Broken  Glass  Apparatus :  Boring  and  Riveting,  etc.    300  Illus. 
3ailding  Model  Boats.    C0»/«»/<.— Building  Model  Yachts.     Rigging 
and  Sailins^  Model  Yachts.    Making  and  Fitting  Simple  Model  Boats.    Buildfaig  a  Modd 
Atlantic  Lmer.     Vertical  Engine  Tor  a  Model  Launch,  etc.,  etc.    168  Illustrations. 

Eleotrio  Bells :  How  to  nake  and  Fit  Them.  Contents.— Th^  Elec- 
tric Current  and  the  Laws  that  Govern  it  Current  Conductors  used  In  Electric  Bell  Woric 
Wiring  for  Electric  Bells.  Elaborated  Systems  of  Wiring ;  Burglar  Alarms.  Batteries 
Cor  Electric  Bells.     The  Construction  of  Electric  Bells,  Pushes,  etc.,  etc    isa  Illustrations. 

Bamboo  Work.  CM//»/f.— Bamboo :  Its  Sources  and  Uses.  How  to 
Work  Bamboo.  Bamboo  Tables.  Bamboo  Chairs  and  Seats.  Bamboo  Bedroom 
Furniture.    Bamboo  Hall  Racks  and  Stands.   Bamboo  Music  Racks,  etc.,  etc.  177  Illus. 

Taxidermy  :    Skinning,    Mounting    and     StnUing     Birds, 

KajamAlS,  and  Ftsll. '  Contents. — Skinning,  Stuffing  and  Mounting  Birds. 
Mounting  Animals'  Homed  Heads :  Polishing  and  Mounting  Horns.  Skinning,  Stuffing, 
and  Casang  Fish.    Preserring.  Cleaning,  and  I>yeing  Skins,  etc.,  etc.     to8  Ilfostrations. 
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